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Postural control underlies and constrains performance of fundamental movement 
skills (FMS) and the development of FMS is important for engagement in physical activity 
throughout the lifespan. Self-perceived physical competence has been shown to be positively 
correlated with motor skill competency and engagement in physical activity. It has been 
suggested that children navigate a critical period of perceptual motor-development between 
the ages of approximately 6 – 8 years of age. Practicing gymnastics within this critical 
window could provide children with enhanced postural control and potentially improved 
prospects of developing FMS. The primary aim of this thesis was to explore the effect that 
educational gymnastics and typical physical education had on postural control, self-perceived 
physical competence and FMS competency of children in a critical period of perceptual-
motor development. A secondary aim was to explore the posited relationships between FMS 
performance, postural control and self-perceived physical competence. Furthermore, the 
research programme set out to identify the effect of gender and foot dominance on this triad 
of skill-related factors. 
A nine-month longitudinal study with three phases of data collection was conducted 
to track the development of two groups of children (who were taught with either educational 
gymnastics-focussed lesson plans or with typical physical education lesson plans). Before the 
respective three-month courses of lessons began, all children (N=61) were invited to the 
laboratory for phase one of data collection and performed two physical tasks (static unipedal 
balance and kicking a ball at a target) and completed the modified athletic subscale of the 
Self-Perception Profile for Children (SPPC). Phase two of data collection was performed 
immediately after the intervention lessons and phase three of data collection was performed 
six months after phase two. For each testing phase children completed the same tasks as they 
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did in phase one.  
Static postural control was found to be similar between groups across the duration of 
the study except at phase three when the Gymnastics group balanced more successfully on 
the dominant foot. However, the Gymnastics group revealed modified centre of pressure 
(COP) kinetics over a shorter time frame (i.e., between phases one and two) compared to the 
TPE group who took at least six months to make significant changes to postural control 
strategies. In the dynamic postural control task, children in both groups tended to perform 
similarly across the duration of the study, except for the Gymnastics group females who 
outperformed their TPE group peers at phase three when kicking with the dominant foot. 
During kicking, directionally specific changes to degrees of freedom controlling postural 
sway were made by the Gymnastics and TPE groups across the duration of the study, and at 
the conclusion of the study the Gymnastics group used significantly different postural 
strategies and swayed over a larger area compared to the TPE group. Interestingly, at the 
conclusion of the study, the TPE group had higher self-perceived physical competence than 
the Gymnastics group, but, the Gymnastics group were more accurate in their assessment of 
physical competence.  
The effects of educational gymnastics and typical physical education on static and 
dynamic postural control and self-perceived physical competence shared some similarities, 
but some clear differences were observed. It is suggested that children who practiced the 
dynamic activities in educational gymnastics were enabled to explore the perceptual-motor 
work space differently compared to children who practiced typical physical education. As the 
children progress though a critical period of perceptual-motor development that is known to 
increase performance and kinetic variability, those that were taught gymnastics seemed able 
to mitigate the potentially detrimental effects of being in this critical period. Results showed 
that the effects of gender and foot used to perform tasks were influenced by the group 
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children were in. The findings of previous research supported were that females tended to 
have increased balancing abilities, and that performance differences between the dominant 
and non-dominant foot were not found in static balance but were significant in kicking. 
Results also suggest that educational gymnastics was influential in assisting children to make 
recalibrations to self-perceived physical competence that better reflected their actual 
competence whereas following typical physical education children tended to over-estimate 
their physical competence. The study has also shown that in addition to performance 
measures, non-linear kinetic analysis can be a valuable addition to assessment procedures 
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1.0 – Fundamental Movement Skills 
Fundamental movement skills (FMS) and more recently foundational movement skills 
(Hulteen, Morgan, Barnett, Stodden & Lubans 2018) have been described as the building 
blocks for other more advanced voluntary motor skills (Clark, 2005; Goodway, Crowe & 
Ward, 2003; Lubans, Morgan, Cliff, Barnett & Okely, 2010; Newell, 1986). FMS are 
considered to be a collection of transferable motor skills (see Table 1) typically learnt by 
children in the first decade or so of their lifespan. There are two suggested categories of 
FMS: locomotion and object control (or object manipulation). Locomotor skills are involved 
in most physical activities. Object manipulation skills require performers to determine the 
velocity and location of approaching objects and the force required to interact with an object.  
 
Table 1Examples of Fundamental Movement Skills  
Fundamental Movement Skills Category 










Note: List compiled from skills detailed in (Goodway et al., 2003; Hardy, King, Farrell, 
Macniven & Howlett, 2010); those marked # are from a list of ‘foundational movement 
skills’ proposed by Hulteen, et al (2018).  
 
The development of FMS is important for a number of reasons. Okely, Booth and 
Chey (2004) showed a negative correlation between FMS and obesity in children and 
adolescents. Jaakkola, Hillman, Kalaja and Liukkonen (2015) suggested that there is a 
positive correlation between motor skills and academic performance in a range of school-
aged children and others have shown that the amount of time spent in organised physical 
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activity is positively correlated to FMS proficiency (Okely, Booth & Patterson, 2001; 
Stodden et al., 2008; Ulrich, 1987). 
The emergence, development and performance of locomotor and object control skills 
is constrained by postural control (Assaiante, 1998; Clark, 2007; Cluff, Gharib & 
Balasubramaniam, 2010; Woollacott, Debu & Shumway-Cook, 1987). Generally, postural 
control serves to maintain bodily orientation with respect to the environment and acts as a 
mechanical support for action (Massion & Woollacott, 2004), in fact, all movements made in 
daily life require postural control (Austad & van der Meer, 2007; Clark, 2007; Godoi & 
Barela, 2008; K. M. Newell, S. M. Slobounov, B. S. Slobounova & P. C. M. Molenaar, 
1997a). Interestingly, some have suggested that postural control should be considered a third 
category of FMS (Lubans et al., 2010; Newell, 1986; Stodden et al., 2008). However, 
Bernstein (1967) suggested that there are four hierarchical levels involved in the construction 
and organisation of motor behaviour (i.e., tone, synergy, space and action). The lowest level, 
tone, organises muscular behaviour related to postural stability for all motor actions, the next 
level, synergy, controls the interaction of muscle groups into functional units, and the higher 
levels of space and action control and regulate behaviour for spatial orientation and 
sequences of muscular actions, respectively (Profeta & Turvey, 2018). Each type of motor 
skill first requires the recruitment and organisation of coordinative structures for postural 
support, then the coordination between muscle groups for goal directed actions and finally the 
orientation of movement behaviour with respect to space and objects in the environment, and 
as such, postural control will be treated as underlying control of FMS.  
Debate surrounds whether or not simply being active is sufficient for development of 
FMS proficiency (Barnett, Morgan, van Beurden, Ball & Lubans, 2011; Barnett, Morgan, van 
Beurden & Beard, 2008; Barnett, van Beurden, Morgan, Brooks & Beard, 2009; Cliff, Okely, 
Smith & McKeen, 2009; Fisher et al., 2005; Okely et al., 2001). It has been argued that FMS 
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proficiency does not develop solely due to maturation, but rather emerges via diverse 
perceptual-motor experiences across childhood (Clark, 2007; Haywood & Getchell, 2009; 
Okely et al., 2001; Stodden et al., 2008).  
Despite maturation not being the primary driver of FMS proficiency, some authors 
have suggested that there is a critical period for development of FMS between approximately 
6 and 8 years of age (Assaiante & Amblard, 1995; Baumberger, Isableu & Flückiger, 2004; 
Olivier, Cuisinier, Vaugoyeau, Nougier & Assaiante, 2010; Olivier, Hay, Bard & Fleury, 
2007; Rine, Rubish & Feeney, 1998). In this critical period of perceptual-motor development, 
children’s use of vision to control posture changes as they a) begin to transiently neglect 
peripheral visual clues (Assaiante & Amblard, 1995), b) reweigh the available sensory 
information and c) make better use of proprioceptive and vestibular cues (Baumberger et al., 
2004). Olivier et al. (2010) suggested that in children younger than approximately 8 years 
old, reduced attentional capacity negatively influences control of posture. Additionally, 
Liong, Ridgers and Barnett (2015) and Toftegaard-Stoeckel, Groenfeldt and Andersen (2010) 
showed that children in this critical period of development become aware of the opinions 
significant others have of their physical competency which in turn can have an influence on 
engagement in physical activity and subsequent development of FMS.   
1.0.1 – Factors influencing FMS competence. There are various factors that 
influence FMS competence, including age, gender, foot dominance and training. As children 
increase in age, they improve FMS competency (Liong et al., 2015; Stodden et al., 2008). As 
young children grow, differences in postural performance and FMS begin to emerge between 
boys and girls. For example, 6-year-old girls have been shown to have better balancing skills 
compared to boys (Cohen, Morgan, Plotnikoff, Callister & Lubans, 2014; Mickle, Munro & 
Steele, 2011; Morris, Williams, Atwater & Wilmore, 1982; Raudsepp & Pääsuke, 1995). 
After asking children to perform the Bruininks-Oseretsky Test of Motor Proficiency balance 
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subtest, Venetsanou and Kambas (2011) found a significant influence of gender on infants’ 
(mean age 5.2 years) balancing abilities. Using field tests, Raudsepp and Pääsuke (1995) 
showed that young girls aged 8 performed better (i.e., fewer touchdowns) on the flamingo 
test and Morris et al. (1982) found that a significant difference between genders emerged at 
age 6 as young girls were able to balance for longer on one foot than young boys.  
However, not all researchers report gender differences in balancing ability (Figura, 
Cama, Capranica, Guidetti & Pulejo, 1991; Junaid & Fellowes, 2006). Using the Movement 
Assessment Battery for Children (MABC), Junaid and Fellowes (2006) studied children aged 
between 7 and 8 and no differences between genders in balancing ability were found. Figura 
et al. (1991) had children in three age groups (mean ages 6.5, 8.4, 10.5 years old) balance for 
15 seconds on a force plate and also found no difference in sway range or velocity between 
genders in any of the age groups. 
Potential differences between genders in FMS performance (i.e., object control) have 
also been examined. No effect of gender in kicking and catching was found after Butterfield, 
Angell and Mason (2012) controlled for age in their analysis of children’s (age range 5 – 14) 
performance in the Test of Gross Motor Development (TGMD-2). Kokštejn, Musálek and 
Tufano (2017) also found no difference between genders in children aged 4 – 5 but a medium 
sized effect of gender did emerge at age 6. One trend that has often been identified is that 
young boys tend to outperform young girls in object control skills (Barnett, van Beurden, 
Morgan, Brooks & Beard, 2010; Crane, Foley, Naylor & Temple, 2017; LeGear et al., 2012; 
Liong et al., 2015; Morris et al., 1982).  
Several studies investigated the FMS of children between the ages of 4 and 8 and 
found that young boys had better object control skills compared to young girls (Barnett et al., 
2010; Crane et al., 2017; Junaid & Fellowes, 2006; LeGear et al., 2012; Robinson, 2010). 
Kicking is a FMS of particular interest to this thesis and two studies of note have found 
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conflicting results. Barnett et al. (2010) found that in children (mean age 10 years old) the 
kicking skills of young boys were significantly better than girls, whereas Butterfield et al. 
(2012) found no difference. Results from one study by Crane et al. (2017) did suggest that 
young boys had better kicking skills compared to young girls at ages 5.8 (TGMD-2 scores for 
kicking, boys = 5.1 vs girls 4.1) and 7.7 years old (TGMD-2 scores for kicking, boys = 6.2 vs 
girls 5.6), but results of statistical tests were not presented that would have allowed for a 
conclusion of statistically better kicking skills in young boys to be drawn.  
Along with differences between genders in motor abilities emerging as children age, 
the development of preference to use the left or right hand or foot to perform motor skills, 
such as throwing or kicking, begins to stabilise between approximately 3 and 6 years of age 
(Armitage & Larkin, 1993). Few studies have investigated children’s performance of the 
preferred compared to the non-preferred (or dominant and non-dominant) foot. Clark and 
Watkins (1984) found that children aged approximately 6.7 and 7.7 years old balanced 
statically equally well on the dominant or non-dominant foot. In dynamic tasks, Teixeira and 
Teixeira (2008) found significantly different lower limb kinetics in children aged 6, 8 and 10 
years old. When children were asked to perform soccer-like skills, task-dependent 
preferences for left or right leg use were observed and increased velocity of foot displacement 
with the right foot being moved more quickly (Teixeira & Teixeira, 2008). 
However, while gender and limb dominance may affect FMS proficiency, Stodden et 
al. (2008) point out that there may be a proficiency barrier that some children are not able to 
brake though; that is, while there is some natural development of FMS as part of maturation, 
some children may not develop their skills enough to be able to apply FMS to more dynamic 
sports and game settings. Indeed, Lubans et al (2010) suggest that FMS should be taught via 
interventions in school or community settings to enable children to develop FMS proficiency. 
1.0.2 – Effects of motor skills interventions on postural control, FMS competence 
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and self-perceived physical competence.  Recent meta-analyses of research into the 
effectiveness of motor skill interventions to improve FMS concluded that most studies 
conducted were potentially biased (Logan, Robinson, Wilson & Lucas, 2012; Morgan et al., 
2013; Riethmuller, Jones & Okely, 2009). Riethmuller et al. (2009) stated that most (<80%) 
of the studies they reviewed were of low methodological quality due to the difficulty in 
ascertaining who assessed the skills of children or whether the assessors were blinded to 
group allocation (intervention or control) and the lack or randomisation. Logan et al. (2012) 
reported that most intervention studies included children at risk of delay, or were 
developmentally delayed and this possibly biased those studies because of the increased 
potential the studies participants had for improvement. Morgan et al. (2013) echoed the 
findings of Riethmuller et al. (2009) and Logan et al. (2012) and said in their meta-analysis 
there was a high risk of bias identified for reasons including a lack of randomised control 
trials and a lack of assessor blinding or retention data. The identification of bias is 
concerning; however, inadequate reporting, rather than poor study quality may have 
contributed to the identification of the bias (Morgan et al., 2013).  
Representative studies that have assessed the effect of motor skill interventions on 
FMS of typically developing children have shown that following the intervention activities 
children had improved FMS (Bardid et al., 2016; Logan, Robinson, Webster & Barber, 2013; 
van Beurden et al., 2003). Interventions of various lengths have been shown to have positive 
effects on FMS development of children. Children as young as 4 years old have been shown 
to improve FMS following motor skill interventions. Logan et al. (2013) explored the effect 
of low or high autonomy based instructional environments; in the low and high autonomy 
environments children practiced motor skills with either limited, or limitless opportunities, 
respectively, to make independent decisions about engagement in motor skill practice. When 
FMS were assessed using the TGMD-2 following the intervention (2 lessons per week for 9 
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weeks), children had improved both object control and locomotor skills. In children aged 
approximately 5.6 years old, an effect of gender was found by Bardid et al. (2016) as boys 
made significantly larger and smaller improvements to object control and locomotor skills 
(measured using TGMD-2) compared to girls following a 1-hour intervention of motor skill 
training per week for 30 weeks. In the study by van Beurden et al. (2003), 8 FMS were 
assessed (including static balance, locomotor skills and object control skills) following a 
yearlong ‘Move-it Groove-it’ (MIGI) motor skills intervention. Strategies of the MIGI 
programme were to support teachers by enacting a buddy system (i.e., a preservice teacher to 
work with general teachers) and assisting schools to provide supportive and healthy 
environments and policies (van Beurden et al., 2003). At the conclusion of their study, van 
Beurden et al. (2003) showed children had made significant improvement in all FMS.  
In addition to investigations into the effects of motor skill interventions on FMS 
competence, the effect of motor skill interventions on perceived physical competence have 
been conducted, but with mixed results. A majority of motor skill intervention studies that 
have looked at perceived physical competence have focussed on children who are 
disadvantaged and/or at risk of developmental delay (e.g., Goodway & Rudisill, 1996; 
Robinson, Rudisill & Goodway, 2009; Valentini & Rudisill, 2004). The present study is 
focused on typically developed children and intervention studies that investigated children 
who are developmentally delayed, at risk of delay, or who have perceptual motor disabilities 
will not be discussed further.  
Studies into the effects of motor skill interventions on the self-perceived physical 
competence of typically developing children have shown to have mixed effects on the 
perceived physical competence of typically developing children (Logan et al., 2013; 
Theeboom, De Knop & Weiss, 1995). Theeboom et al. (1995) investigated the effect that 
being in a mastery or performance (traditional teaching methods) focussed learning 
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environment had on the self-perceived competence of children aged approximately 9.7 years 
old. No significant differences were found in self-perceived physical competence (as 
measured using the athletic sub-scale of the Self-Perception Profile for Children (SPCC)) 
between the children in the mastery or traditional learning environments, but Theeboom et al. 
(1995) suggested this may be due to the short duration of the intervention (3 weeks). In the 
study by Logan et al. (2013), children (mean age 4 years old) who were in a high autonomy 
group (i.e., children had the opportunity to make independent decisions about learning) 
improved self-perceived physical competence more so than children in a low autonomy 
group. No studies could be found that investigated the effect of gymnastics on self-perceived 
physical competence. 
The previously mentioned intervention studies by Theeboom et al. (1995) and Logan 
et al. (2013) investigated different educational techniques on development of perceived 
physical competence. Another technique used to investigate the effects of motor skill 
interventions on self-perceived physical competence is to compare groups who perform 
different types of activities, for example comparing educational gymnastics to a typical 
physical education curriculum, however, only a few studies have investigated the effects of 
gymnastics training on motor skills or posture. 
There have been several studies into the effects of gymnastics training on FMS 
performance (Karachle, Dania & Venetsanou, 2017; Rudd et al., 2017a, 2017b; Sheerin, 
Williams, Hume, Whatman & Gleave, 2012). The length of gymnastics training competed by 
children in the interventions ranged from a total of 9 hours (Sheerin et al., 2012) to 3 hours 
per week for 6 months (Karachle et al., 2017). Of these studies, only Sheerin et al. (2012) did 
not use a validated movement battery test but rather employed the use of a series of physical 
function tests to determine motor skill levels of children (boys and girls, mean age 6.2 years 
old). While statistical tests were not performed that allowed for significance, or lack thereof, 
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in improvements or reductions in performance to be determined, indications from results 
suggested a positive effect of gymnastics training on upper limb coordination and lower limb 
power (Sheerin et al., 2012). In the longest intervention, Karachle et al. (2017) compared the 
scores achieved on the 2nd edition of the Bruininks-Oseretsky Test of Motor Proficiency 
(BOTMP-2) by 2 groups (gymnastics and control) of young boys and girls aged 
approximately 4.7 years old. At the beginning of the study, there was no difference in 
BOTMP-2 scores between the Gymnastics group and the control group, but following the 6-
month intervention period the Gymnastics group had a significantly higher BOTMP-2 score 
compared to the control group.  
Finally, two studies (Rudd et al., 2017a, 2017b) examined the effects of a 16- and an 
8-week gymnastics intervention on the FMS of children aged approximately 8.1 and 9.4 years 
old, respectively. Rudd et al. (2017a) used the TGMD-2 to assess locomotor and object 
control skills and a process oriented postural stability test consisting of three (1 static and 2 
dynamic) gymnastics-like tasks. The educational gymnastics interventions children 
participated in included 2-hours per week of activities in which static balance, jumping and 
landing, rotation and swinging, rhythmical gymnastics and the performance of routines were 
practiced (Rudd et al., 2017a, 2017b).  In both studies Rudd et al. (2017a, 2017b) found that 
the Gymnastics group made significantly larger improvements to object control and postural 
stability, but not locomotor skills compared to the control group.  
While it has been shown that there are age, gender and training (i.e., interventions) 
effects that influence performance of FMS, thus far there are no published studies to the 
author’s knowledge that investigate changes to postural control and as such an examination 
of postural strategies may shed light on why these factors influence FM proficiency. Indeed, 
Davids, Bennett, Kingsbury, Jolley and Brain (2000) have shown that children’s (mean age 
9.8 years old) catching abilities improve when the postural demands of a task are reduced. 
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However, Angelakopoulos, Davids, Bennett, Tsorbatzoudis and Grouios (2005) found that 
‘good’ catchers were relatively unaffected by increased postural demands, but ‘intermediate’ 
catchers were affected by increased postural demands when catching with both the preferred 
and non-preferred hand, while ‘low’ skilled catchers were adversely affected by increases to 
postural demands when catching with the preferred hand. Next, a discussion about posture 
and postural control is presented with a focus on changes in postural control that occur as 
organismic, task and environmental constraints change. 
1.1 – Postural Control  
1.1.1 – Posture, postural control and perturbations. Posture, postural control and 
postural equilibrium (i.e., balance) are interrelated and synchronous organismic constraints 
on human behaviour. Posture describes the spatial arrangement of the perceptual-motor 
system relative to the support surface, gravity and objects in the environment (Horak, 2006; 
Massion, 1994), and often describes the result of postural control. Postural control can be 
conceived as the dynamic behaviour of the perceptual-motor system during performance of a 
task (Bardy, Marin, Stoffregen & Bootsma, 1999). Postural control is undoubtedly a key 
constraint on lifespan motor development (Assaiante, 1998; Clark, 2007; Cluff et al., 2010; 
Woollacott et al., 1987).  
The postural control system is highly complex with multiple sensory inputs (e.g., 
visual, haptic, vestibular, kinaesthesis, etc.) and control is distributed across numerous levels 
(Cavanaugh, Guskiewicz & Stergiou, 2005). The performer needs to utilize and integrate 
information from the perceptual-motor system, the environment and the task constraints to 
organize appropriate task-specific postural behavior (Bardy et al., 1999; Cavanaugh et al., 
2005; Haddad, Rietdyk, Claxton & Huber, 2013). The process of using multiple sources of 
sensory information to orient our bodies is known as sensory convergence (Lackner & DiZio, 
2000) and it appears to represent a fundamental attribute of body self-calibration, which 
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appears to be important to fine-tuning awareness of perceptual-motor information and 
understanding constraints of body configuration and movement. 
Research into postural control reveals processes and strategies used by performers to 
respond to task related internal or external perturbations in order to maintain postural 
equilibrium (Haddad et al., 2013). Perturbations are changes in constraints that require 
modifications to postural control; typical perturbations used in research include external 
perturbations such as those to vision (e.g., manipulating optical flow), somatosensory 
information (e.g., addition of vibration to tendons) or mechanical perturbations (e.g., movable 
platform) (Bardy, Oullier, Lagarde & Stoffregen, 2007). Internal (self-generated) 
perturbations, such as intentional, goal directed movements (like gait initiation) are also used 
by researchers to study postural control (e.g., Ledebt & Brenière, 1994).   
1.1.2 – Postural equilibrium (balance) and stability. The term postural equilibrium 
is often used to describe a (postural) task goal, such as the desired state (i.e., to be balanced), 
or result of postural control (i.e., effectiveness). Balance has been defined in a number of 
different ways. For example, a typical definition of balance from a mechanical perspective, 
is: “the state of an object when the resultant load actions (forces or moments) acting upon it 
are zero” (Pollock, Durward, Rowe & Paul, 2000, p. 402). Bronstein, Brandt, Woollacott and 
Nutt (2004) and Sturnieks and Lord (2008) suggest that balance is the maintenance of the 
centre of mass (COM) (or centre of gravity - COG) over the base of support. However, these 
definitions are not sufficient for all postural tasks and are limited to describing balance in 
static postural tasks.  
Movements of the COM, COG or centre of foot pressure (COP) are often described as 
sway, and traditional accounts of sway variability assume that variability is a result of noise, 
or errors, in the perceptual motor systems components (Stergiou, Harbourne & Cavanaugh, 
2006). Horak (2006) defined postural equilibrium as the stability of the body’s COM. Whilst 
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this definition may appear to be a more versatile description than those previously mentioned, 
it seems to imply that an inverse relationship exists between the movement of the COM and 
stability. In other words, increased movement of the COM would result in decreased postural 
stability. While it is generally accepted that there is always some variability in human 
movement, Stergiou et al. (2006) explain that from a traditional standpoint, as learning 
occurs, linearly calculated measures of variability (such as sway area) decreases and 
eventually plateaus. Hence, too much variability renders the movement system unstable and 
too little variability leaves the movement system inflexible, unable to respond effectively to 
perturbations. In contrast, a more contemporary view offered by motor learning theorists 
suggests that variability in movement is functional and that it reflects the chaotic, complex 
organisation of the perceptual motor system (Davids, Glazier, Araújo & Bartlett, 2003).  
Stability is the result of a performer’s ability to control the movement of his or her 
COM to anticipate or respond to, internal or external perturbations and maintain a desired 
postural coordination mode (Dingwell, Cusumano, Cavanagh & Sternad, 2001; Full, Kubow, 
Schmitt, Holmes & Koditschek, 2002). Postural equilibrium therefore is a state of relative 
stability achieved by regulating (freezing or releasing) degrees of freedom to constrain 
movement behaviour within the boundaries of a stability region (Bardy et al., 1999), to 
maintain a task specific postural coordination mode and when movements are minimized 
(Riccio & Stoffregen, 1991). More specifically, local stability refers to a system’s sensitivity 
to perturbations like as those experienced during typical postural behaviour; changes in local 
stability can be a result of impaired health (stroke) (Roerdink et al., 2006) or changes in 
locomotor task constraints (Dingwell et al., 2001). Finally, Dingwell et al. (2001) suggests 
that global stability refers to a performer’s ability to respond to finite perturbations (for 
example stumbles, or collisions).  
1.1.3 – Static, dynamic, anticipatory and integrative posture. Postural research 
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broadly consists of two branches (i.e., static and dynamic) and it is important to define both 
clearly. In static postural control tasks (i.e., quiet standing, or one foot balancing) performers 
attempt to be relatively motionless with no intention to displace body parts except for the 
purpose of maintaining postural equilibrium (i.e., minimize the displacement of the COM) 
(Lajoie, Teasdale, Bard & Fleury, 1993; Riach & Hayes, 1987). Dynamic postural control 
refers to contexts within which the performer intentionally displaces one, or more, parts of 
the body to achieve a suprapostural task such as walking, jumping, throwing or kicking (i.e., 
intentionally displacing the COM, either within, or outside of the base of support) while 
maintaining postural equilibrium (Lajoie et al., 1993; Winter, Patla & Frank, 1990).  
There are at least two facets of postural control. Postural adjustments can be 
categorised into anticipatory postural adjustments (APAs) and integrative (or compensatory) 
postural adjustments (IPAs or CPAs) (Assaiante, Woollacott & Amblard, 2000; Santos, 
Kanekar & Aruin, 2010). Anticipatory postural adjustments are voluntary bodily movements 
made to ready oneself for an upcoming perturbation. For example, muscle synergies work to 
stabilise the perceptual-motor system for either internal (self-initiated) or external 
perturbations for maintenance of postural equilibrium in the immediate future (Carvalho, 
Vasconcelos, Gonçalves, Conceição & Vilas-Boas, 2010; Santos et al., 2010). Integrative, or 
compensatory, postural adjustments are made to stabilise or maintain postural equilibrium 
during quiet stance or after a perturbation to postural equilibrium has been initiated or 
experienced (Assaiante et al., 2000; Santos et al., 2010).   
1.1.4 - Measuring postural control. One way to examine postural control is to 
measure COM, COG or COP sway via ground reaction forces and moments produced when a 
performer engages in a task (e.g., quiet stance, gait initiation). Analysis of COM, or COG 
variability provide information about postural stability and analysis of the variables related to 
COP provide information about postural strategies (Kirshenbaum, Riach & Starkes, 2001). 
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During static postural tasks like quiet standing, COM movement correlates closely to 
movement of the COP (Hatzitaki, Zisi, Kollias & Kioumourtzoglou, 2002; Winter, Patla, 
Prince, Ishac & Gielo-perczak, 1998). During dynamic postural tasks the COM moves in 
such a way as to satisfy the conditions for successful task completion and postural stability 
(Gribble, Tucker & White, 2007).  
COP data variability analysis can be performed using both linear and nonlinear data 
analysis techniques. Arguably, linear analysis techniques are a legacy of the stimulus-
response paradigm which assumes that the output of the perceptual-motor system can be 
reliably “predicted from input using linear equations and knowledge of simple interactions 
among system components” (Cavanaugh et al., 2005, p. 937-938). Linear measures are 
measures of centrality that act to “quantify the magnitude of variation in a set of values 
independently of their order in the distribution” (Stergiou & Decker, 2011, p. 871). 
Traditional, linear data analysis of COP data may include: quantification of COP 
displacement standard deviation, sway area, sway range, sway path velocity and sway 
frequency characteristics (Ladislao & Fioretti, 2007; Zumbrunn, MacWilliams & Johnson, 
2011).  
1.1.4.1 –Linear analysis techniques. Indeed, linear techniques used to analyze COP 
data are laden with a number of fundamental assumptions about the evolution and structure of 
the data. Two of these assumptions include the stationarity of COP data (Harris, Riedel, 
Matesi & Smith, 1993; Newell et al., 1997a) and the idea that differences between trials of 
task performance are random and not associated with previous or future performances 
(Stergiou et al., 2006). Another central assumption underlying the application of linear 
analysis approaches is that motor variability is assumed to decrease then plateau as a function 
of learning (Stergiou & Decker, 2011). Relatedly, Newell, Liu and Mayer-Kress (2001) have 
argued that the multiple timescales of change nested within the learning process are often 
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hidden when linear data reduction techniques are applied.  
The use of assumption-laden data analysis approaches may in fact mask the true 
nature of postural control. For example, studies have demonstrated the non-stationary nature 
of sway frequency in children (Harris et al., 1993) and adults (Newell et al., 1997a). 
Relatedly, Harbourne and Stergiou (2003) demonstrated that the variability of COP variables 
in infants sitting was different compared to variability introduced by noise. It was suggested 
that variability was introduced via specific task solutions enacted by the infants in response to 
the task requirements and environment rather than as a result of errors created by neuro-
muscular noise in the initiation of a general motor program (Harbourne & Stergiou, 2003). 
Finally, Tjernström, Oredsson and Magnusson (2006) found that over five days children and 
adults had individual variances in torque within trials that could not explain between trial 
adaptation to perturbations (i.e., reduction in sway). Despite these assumptions, linear 
analysis of COP data has enlightened researchers about postural stability and the processes or 
strategies used to control posture in a variety of static and dynamic activities. 
1.1.4.1.1 – Sway area/range. Changes to sway area may indicate disturbances in 
postural control and stability (Fitzgerald, Murray, Elliott & Birchall, 1994). Sway area 
fluctuations can result from increasing age, training, or changes in environmental conditions 
(Figura et al., 1991; Riach & Hayes, 1987). In typically developing people the sway area of 
the COP tends to decrease, then increase with age (see   
Figure 1) (Newell et al., 1997a). Variability (standard deviation) of sway area follows 
the same trend as the size of sway area, initially it decreases with increasing age, then it 
increases (Lin, Seol, Nussbaum & Madigan, 2008; K. M. Newell, S. M. Slobounov, E. S. 
Slobounova & P. C. M. Molenaar, 1997b; Raymakers, Samson & Verhaar, 2005). It is 
thought that sway area initially decreases as age increases because infants, toddlers and 





   
Figure 1. Representative trials of COP motion (in centimetres) during static balance; 3-year-
old group; 5-year-old group; student group; elderly group. 
 
1.1.4.1.2 – Sway velocity. Changes to sway velocity have been proposed to be an 
indication of which mode of control is being utilised primarily to regulate posture (Davids, 
Button & Bennett, 2008; Kirshenbaum et al., 2001). Open-loop processes are characterised 
by fast, ballistic movements that are pre-planned (Davids et al., 2008), and in the case of 
postural control during quiet stance, this would result in high velocity COP sway. In contrast, 
closed-loop control utilises perceptual-motor information to regulate posture (Davids et al., 
2008). Typically, younger children use quick, ballistic movements of centre of pressure to 
control posture and at around age eight or nine children begin to make slower movements of 
centre of pressure indicating a transition to an integrated open-closed loop mode of control 
that allows for greater accuracy (Kirshenbaum et al., 2001).  
1.1.4.2 – Non-linear analysis techniques. Compared to linear analysis, non-linear 
analysis techniques are arguably more sensitive to differences between performances under 
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various conditions and can assist with understanding how changes to control of degrees of 
freedom are made (Cavanaugh et al., 2006; Donker, Roerdink, Greven & Beek, 2007; 
Harbourne & Stergiou, 2003, 2009; Horak, 2006; Newell, 1998; Stergiou & Decker, 2011; 
Stins, Michielsen, Roerdink & Beek, 2009). Cavanaugh et al. (2005) summarizes key 
differences between linear and nonlinear approaches succinctly, “In contrast to linear models 
that analyze the magnitude of output signal variability and focus on system components, 
nonlinear models use the time evolutionary properties of an output signal to draw inferences 
regarding interactions within the underlying control system” (p. 938). Non-linear analyses 
can also reveal the complex structure embedded within apparently chaotic COP data 
(Cavanaugh et al., 2005; Stergiou & Decker, 2011). Additionally, non-linear techniques 
assume that small perturbations to components of the perceptual-motor system may, or may 
not, affect movement behavior and have enabled researchers to view variability as potentially 
useful for performers (Stergiou & Decker, 2011). 
One apparent advantage non-linear analysis techniques have over linear techniques, 
when used on COP data, is the ability of non-linear techniques to shed light on how changes 
to sway have been achieved. Newell and colleagues (Newell, 1998; Newell & Vaillancourt, 
2001; Slobounov & Newell, 1994b) have suggested that changes to COP sway variables 
across the lifespan are a result of changes in the behavior of coordinative structures when 
organizing control of available mechanical degrees of freedom. One family of non-linear 
analysis techniques used in the present research and that is particularly useful for making 
estimates of how degrees of freedom are controlled during movement tasks is entropy 
analysis.  
1.1.4.2.1 – Approximate and Sample Entropy. The two nonlinear measures that appear 
most frequently in the balance and posture literature are approximate entropy and sample 
entropy. Approximate and sample entropy quantify the regularity in time series data, like 
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COP, and are useful for analysis of complex multidimensional systems such as the human 
perceptual-motor system (Cavanaugh et al., 2005; Newell, 1998; Richman & Moorman, 
2000). Regular time series data express reduced complexity and vice versa (Pincus & 
Goldberger, 1994); for example, a system with zero entropy displays low complexity like a 
swinging pendulum, whereas in dynamical systems in which more complex patterns emerge, 
entropy increases. For the purposes of this thesis the term ‘regularity’ will be used to denote 
the complexity of the COP sway as measured by approximate or sample entropy.  
Quantifying the regularity of postural sway and comparing between age groups or 
task conditions can help to understand how changes in postural control are made with aging, 
or as sensory input changes. Newell (1998) states that approximate entropy is useful for 
analysis of human movement behaviour because “the greater the regularity of the time series, 
the fewer the degrees of freedom in the system that have constructed the signal output […] 
and the greater the complexity of the signal, the more degrees of freedom in system control” 
(p. 73). Where the term degrees of freedom describes the possible displacements, linear and 
rotational, at each joint (Bartlett, 2007), constraints are internal (organismic) or external (task 
and environmental) characteristics that affect movement behaviour (Newell, 1986). 
Constraints that may explain changes in COP sway regularity include, 1) active (cognitive) 
control of posture (i.e., degree of automaticity), 2) expertise (or degradations) of postural 
control, 3) sensory deprivation, 4) postural threat and 5) attention invested in postural control 
(Hwang, Huang, Cherng & Huang, 2006; Roerdink et al., 2006; Roerdink, Hlavackova & 




   
Figure 2. The Relationship between Automaticity of Postural Control and Regularity of 
Centre of Pressure Time Series Data. Adapted from Roerdink et al. (2011).  
 
Figure 2 provides an overview of how various organismic, task or environmental 
constraints are predicted to influence sway regularity, for example, high automaticity of 
postural control results in sway becoming more irregular, and vice versa (Figure 2a). Figure 
2b indicates that sway regularity increases with pathological conditions that result in 
impairments (e.g., stroke), and sway regularity decreases with enhancements to typical 
perceptual-motor functioning (e.g., improvements in skill) (Lamoth et al., 2011; Perlmutter, 
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postural threat such as sensory deprivation (e.g., balancing with eyes closed), or increased 
cognitive demand (e.g., during dual task conditions), approximate entropy values decrease or 
increase, respectively (Roerdink et al., 2011; Stins et al., 2009) (Figure 2c). However, it must 
be remembered that the terms ‘low’ and ‘high’ used to describe the relative automaticity of 
control refer to the level of attentional demand on posture (Woollacott & Shumway-Cook, 
2002), for example, low automaticity describes a situation where attention is more focused on 
postural control than a concurrent task. Additionally, the terms ‘regular’ and ‘irregular’ 
describe complexity, and are also relative; a complex dynamical system that is completely 
irregular or extremely variable would be unpredictable, or uncontrollable, and a system that 
displays a loss of complexity has reduced functionality (Davids et al., 2003).  
Although non-linear analysis techniques are becoming more widely used, they are not 
necessarily a replacement for linear tools. Both types of analysis have a place in 
posturographic research. The best guide for which analysis technique to use when performing 
posturography is consideration of the aim of the research as each analysis technique reveals 
different information about postural stability or postural control processes. Both linear and 
non-linear tools were used in the present study to analyse COP data due to the differences in 
interpretation of results that are generated by the two types of analysis. Arguably the use of a 
combination of measures also improves the ability of an experimenter to contrast findings 
with other pertinent research.  
1.2 – Static Postural Control  
Over the human lifespan the ability to integrate sensory information and produce 
effective postural behaviour changes (Haddad et al., 2013; Kirshenbaum, Riach, & Starkes, 
2001). Movement experiences, whether during daily activities, recreation or sporting physical 
activities, shape sensorimotor strategies for effective postural control (Herpin et al., 2010). 
Interestingly, athletes with a background in some sports seem to have more refined balance, 
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or postural control, abilities (Gautier, Thouvarecq & Larue, 2008; Hrysomallis, 2011; Perrin, 
Deviterne, Hugel & Perrot, 2002). An overview of linear and non-linear analysis of children’s 
development of static and dynamic postural control across childhood will be presented next. 
Then, the potential influence that gymnastics training has on postural control mechanisms 
will be discussed to highlight the utility and potential effectiveness of focused training 
regimes on postural control.   
1.2.1 – Development of Postural Control. One apparently simple way to examine 
integrative postural adjustments is to analyse strategies used by a performer during a static 
postural control task (e.g., quiet stance). Researchers have used numerous means to 
investigate integrative postural adjustments during static balance tasks including: the ‘moving 
room’ paradigm (e.g., Lee & Aronson, 1974), manipulating visual flow or kinaesthetic 
information (e.g.,Baumberger et al., 2004; Gautier, Thouvarecq & Vuillerme, 2008; McKay, 
Wu & Angulo-Barroso, 2014; Tjernström et al., 2006), unipedal balance (e.g., Slobounov & 
Newell, 1994a), or bipedal tasks (e.g., Ghomashchi, Esteki, Nasrabadi, Sprott & Bahrpeyma, 
2011). As we shall discover in the following sections, such tasks challenge participants to 
integrate environmental information with somatic information during static postural tasks. 
Studies that utilised linear and non-linear analysis of COP or COM to make comparisons 
between children of different ages (or adults) will be included in the overview provided. 
Following is a discussion with a focus on the development of young children’s (i.e., less than 
approximately 10 years old) static postural control and references to adult static postural 
control will only be used as a comparison. 
1.2.1.1 – Postural control during independent sitting and quiet standing. 
Harbourne, Giuliani and Neela (1993) reported that there were few studies into the 
development of independent sitting. In their study of 7 infants, Harbourne et al. (1993) 
showed that when children entered stage 2 of sitting (i.e., able to sit alone momentarily) 
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postural synergies began to emerge and trunk displacement and velocity and 
electromyographic variability were reduced. Two studies of interest have investigated the 
development of upright sitting in infants and used approximate entropy data to quantify the 
regularity of postural sway (Deffeyes, Harbourne, Stuberg & Stergiou, 2011; Harbourne & 
Stergiou, 2003). Harbourne and Stergiou tracked the development of five children and three 
stages of sitting independence were identified: stage one, not sitting independently; stage two, 
‘prop’ sitting or sitting briefly independently for 10 – 30 seconds; stage three, able to sit 
independently. Sway regularity increased significantly between stages one and two, but no 
change was seen between stages two and three (Harbourne & Stergiou, 2003). Deffeyes et al. 
used a larger sample size (n =33) over a slightly later development phase (i.e., independent 
sitting to three – four months later). Across the duration of the Deffeyes et al study the 
regularity of anterior-posterior sway increased significantly. Collectively, both of these 
studies show a trend of increasing regularity as independent sitting develops (i.e., the 
adoption of a new posture that is less stable compared to a supine or prone position). This 
suggests that the infants are learning to constrain, or reduce, the number of degrees of 
freedom used for effective postural control in sitting. 
Changes in the degrees of freedom contributing to postural control can result in 
changes to postural stability. Riach and Hayes (1987) showed that COP sway range (M/L and 
A/P) in bipedal stance with vision decreases (i.e., postural stability increases) as a function of 
age in children from 2 – 14 years old. However, when children stood quietly with eyes 
closed, those under the age of 4 years were unable to complete the test, whereas children 
older than 4 years, sway range were largely unaffected by the removal of vision (Riach & 
Hayes, 1987). Riach and Starkes (1989) studied three age groups of children (age groups, 5 – 
7, 8 – 9, 10 – 12) and showed significantly increased stability (i.e., reduced mediolateral 
(M/L) and anterior-posterior (A/P) sway range) in both typical bipedal stance and Romberg 
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stance (one foot in front of the other in the sagittal plane) in the two older groups of children 
compared to the youngest group of children. Similar results to those presented by Riach and 
Starkes (1989) were found by Olivier et al. (2010) and Mickle et al. (2011) as the children 
aged approximately 7 and 8 years old had a significantly more sway (i.e., larger sway 
amplitude) than older children. Olivier et al. (2010) also showed that when children’s 
kinaesthetic information was perturbed (i.e., via mechanical vibration), or when cognitive 
load was increased (i.e., under dual task conditions) sway amplitude significantly increased 
and thus postural stability decreased.  
Along with reductions in sway area, the typical bipedal stance results of Figura et al. 
(1991) revealed no effect of age on COP sway velocity in children aged 6 and 8 years. 
However, in the more challenging postural position Romberg stance (called “tandem stance” 
in their study), Figura et al. (1991) found an effect of age between children aged 6 and 8 
years with the latter age group children swaying slower, indicating that they used a mixed, 
perceptual-motor feedback informed open and closed loop strategy to control posture, rather 
than the pre-planned strategy used by the younger children. Bipedal stance (including 
Romberg stance) sway velocity is also known to slow significantly between the ages of 
approximately 7 and 10 years in both conditions of typical or perturbed perceptual-motor 
inputs or increased cognitive load (Figura et al., 1991; Olivier et al., 2010; Riach & Starkes, 
1994). However, the longitudinal study of 17 children (initial ages between 5 – 6 years) by 
Kirshenbaum et al. (2001) tested eyes-open bipedal stance every three months until age eight 
and found that the change in sway velocity was non-linear across age; between the ages of 
5.8 and 6.1 years old and between 6.1 and 6.4 years old, average sway velocity was shown to 
decrease, then increase, respectively. A follow up test revealed that a significant reduction in 
average sway velocity was also seen between the ages of 6.7 and 7.4 years old (Kirshenbaum 
et al., 2001). Children in the Kirshenbaum et al. (2001) study were in a critical period of 
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perceptual-motor development which is characterised by high performance and kinetic 
variability (Austad & van der Meer, 2007; Olivier et al., 2010; Olivier et al., 2007; Rine et al., 
1998), as such, the significant increases and reductions to sway velocity can be interpreted as 
children’s attempts to recalibrate their perceptual-motor systems to effectively control 
posture. 
The aforementioned studies that used linear analysis techniques are valuable in 
quantifying the changes to sway area or velocity which give researchers information about 
postural stability or the control processes used to regulate posture, respectively. However, 
linear techniques do not show how participants achieved a reduction in sway area or how the 
change in control process (i.e., from an open to a closed loop strategy, or to a mixed open and 
closed loop strategy) affected degrees of freedom used to perform tasks. Non-linear analysis, 
in particular entropy analysis of COP time series data, allows researchers to estimate changes 
to the degrees of freedom contributing to postural control. Along with non-linear trends in 
linearly calculated COP kinetic variables, research into quiet standing has also shown a non-
linear trend in the development of COP sway regularity (Newell, 1998); from childhood 
(approximately three years old) into adulthood, the approximate entropy of COP became less 
regular, whereas, from adulthood to old age, approximate entropy indicated more regularity. 
Newell suggested that middle-aged adults use a larger number of degrees of freedom to 
maintain postural equilibrium than children and the elderly. Such findings support the idea 
that people who perceive themselves to be under increased postural threat constrain 
mechanical degrees of freedom potentially to stabilize posture. However, using sample 
entropy, Schärli, van de Langenberg, Murer and Müller (2012) found different results 
compared to Newell. Schärli et al. showed a trend of increased regularity between children 
(five, eight and 11 years old) and adults in quiet standing with a fixed gaze. 
The contrasting results from the studies into quiet standing above serve to highlight 
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that entropy analysis can identify differences in postural sway characteristics between 
performers of different age and it appears that postural behavior in the young and old is 
directionally specific (Borg & Laxaback, 2010; Lamoth & van Heuvelen, 2012; Newell, 
1998; Ramdani et al., 2011; Schärli et al., 2012). Children and the elderly appear to constrain 
different degrees of freedom to maintain postural equilibrium; infants have been shown to 
display increased sway regularity, particularly in the anterior-posterior direction (Deffeyes et 
al., 2011; Harbourne & Stergiou, 2003), whereas the elderly display decreased anterior-
posterior regularity and increased mediolateral regularity (Borg & Laxaback, 2010; Lamoth 
& van Heuvelen, 2012). But, one trend that can be cautiously inferred is that as perceptual 
motor development progresses and infants learn to sit independently in a more effective 
manner, they achieve this by reducing the number of mechanical degrees of freedom used to 
perform the task. However, with further experience in relatively simple tasks, such as quiet 
standing, research has been relatively inconclusive regarding the developmental pathway 
followed from infancy through to old age. 
Research into the effects of increasing age on static postural control allows 
researchers to understand how the perceptual-motor system contributes to the maintenance of 
posture across the lifespan. However, between group differences in postural control strategies 
are hard to determine in quiet standing, particularly in children aged over nine, when using 
linear analysis techniques (Garcia, Barela, Viana & Barela, 2011). A reasons suggested by 
Garcia et al. (2011) for the difficulty in distinguishing between differences in posture in 
bipedal standing children aged over nine was that the task may not challenge the postural 
control system enough. However, in younger children the task may be sufficiently 
challenging to enable researchers to distinguish between children of different abilities Garcia 
et al. (2011). The linear analysis techniques used by Garcia et al. (2011) quantified COP area 
and velocity and as such are not able to detect changes in the organisation of degrees of 
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freedom and these techniques may lack the sensitivity to identify differences between groups 
(Anderson & Button, 2017). The non-linear techniques used by Newell (1998), Donker et al. 
(2007) and Stins et al. (2009) to examine postural control appear more illuminating. 
1.2.1.2 – Postural control during unipedal balancing.A more challenging static 
postural task is unipedal balancing and it may be a more sensitive test of static postural 
control that is able to distinguish between children of different developmental ages. The 
development of static unipedal balance follows a similar trajectory to bipedal balance; Morris 
et al. (1982) studied children aged between 3 and 6 years old and showed that with increasing 
age the maximum time children were able to balance on one foot also tended to increase, but 
only 6 year old girls were able to balance significantly longer than 3, 4 and 5 year old boys 
and girls. Figura et al. (1991) studied the sway range and velocity of three groups of children 
aged approximately 6.5, 8.4 and 10.5 years old during 15 second unipedal balancing and 
found no significant differences between the younger two groups of children, but did find that 
the 10.5 year olds swayed significantly slower, and over a smaller range compared to the 6.5 
and 8.4 year olds. Clark and Watkins (1984) also found no significant differences in time 
spent balancing on one foot between grade one (mean age 6.7) and grade two (mean age 7.7) 
children. Zumbrunn et al. (2011) found significant, moderate negative correlations between 
age and COP sway area and M/L and A/P sway velocity (all p < .01) such that as age 
increased (age groups were 4 – 7 years, 8 – 12 years and 13 – 18 years), all COP variables 
calculated decreased. Using a posturographic approaches, Mickle et al. (2011) showed that in 
children aged approximately 9.6 years old, compared to boys, girls swayed over a 
significantly larger area in a 30-second unipedal static balance test and Lee and Wei-Hsiu 
(2007) found an effect of gender in a study of 9 – 11 year old children’s unipedal balancing 
abilities, where girls produced a significantly smaller (p < .05) COP sway area than boys 
when balancing with their eyes closed or open. Finally, in their study of unipedal balancing 
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by children between the ages of 4 and 12 years old, the results of Condon and Cremin (2014) 
showed a distinct change in ability after the age of about 7 years old. But, while these studies 
agree that, with increases in age, improvements in unipedal balancing ability are seen, they 
do not address the issue of how the changes in static postural control are achieved.  
As suggested earlier, nonlinear techniques, especially entropy analysis, can enlighten 
researchers about how children change control of degrees of freedom to enable better 
balancing performance. However, few studies have been conducted examining sway 
regularity in unipedal stance between participants of different ages and only one study could 
be found that compared young children to an older cohort. Guimarães-Ribeiro, Sarmiento, 
Rodríguez-Ruiz, Martín-González and García-Manso (2014) showed that during 30s of 
unipedal balancing, young girls (aged approximately 9.6 years old) swayed significantly 
more irregularly in the A/P direction but not M/L direction compared to middle aged women 
(mean age 46.6 years old). Guimarães-Ribeiro et al. (2014) concluded that the young girls 
had a more automatic and more efficient postural sway.  
1.2.1.3 – Critical period of perceptual-motor development. As mentioned above, a 
critical period of perceptual-motor development has been identified between the ages of 
approximately 6.5 – 8 years old (Assaiante & Amblard, 1995; Olivier et al., 2010; Olivier et 
al., 2007; Riach & Starkes, 1994). During this critical period, children are required to 
recalibrate postural control to accommodate for changes to body size and proportions and 
development of the perceptual-motor system (Assaiante & Amblard, 1995; Austad & van der 
Meer, 2007; Kirshenbaum et al., 2001; Riach & Starkes, 1994).  
The result of the recalibration during the critical period of development is an increase 
in movement variability (Kirshenbaum et al., 2001; Rine et al., 1998). Kirshenbaum et al. 
(2001) performed a longitudinal study of quiet standing in children aged between 
approximately 5.1 – 8 years old and found that at around age 6 years old, variability of COP 
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sway velocity began to increase and was significantly higher at ages 6.7 and 7 years old than 
it was at age 6. Between the ages of 7 and 10 years old, Kirshenbaum et al. (2001) found that 
the variability of COP sway velocity reduced. Rival, Ceyte and Olivier (2005) studied the 
postural sway during quiet stance with the eyes closed by children aged 6, 8 and 10 years old 
and adults, while they found that there was a significant reduction in sway speed between 
each age group, between the ages of 6 and 8 there was an increase in sway range. The 
reduced sway speed results of Rival et al. (2005) suggest increased utilisation of a more 
advanced, mixed open and closed loop strategy used to control postural sway; however, the 
significant increase in sway range between the ages of 6 and 8 years old shows that the 
participants, while recalibrating their perceptual motor systems, suffered a loss of postural 
stability.  
1.3 – Dynamic Postural Control  
Kicking a ball is a skill that demands dynamic balance control during unipedal stance 
on a support leg to allow for efficient and effective force transmission though the striking leg 
and onto the ball. Kicking a ball can be performed either with, or without a run up, depending 
on the task. In the context of kicking a ball after a run-up, the kicker needs to run towards the 
ball to allow them to perform a high velocity lower limb back, and then forward swing to 
strike the ball with the foot. A person’s ability to control one-leg balance may influence his, 
or her, ability to effectively produce and control a kick (Chew-Bullock et al., 2012; Chew-
Bullock et al., 2007). 
Despite kicking being a significant component of several popular sports (e.g., 
football, rugby, martial arts), a there is a surprising lack of research into postural stability 
during kicking. Most research into kicking has focused on joint kinetics (e.g., Kellis & Katis, 
2007; Shan & Westerhoff, 2005) and researchers have studied correlations between hop 
length and maximal velocity kicking (Anderson, Lejeune & Kanerva, 2003; Chew-Bullock et 
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al., 2007). When considering dynamic unipedal postural control, average hop length 
(measured during a maximal velocity hopping task across the length of basketball court) and 
the number of touch downs during unipedal balance on a beam account for 45% of the 
variance in maximal kicking velocity (Anderson et al., 2003). Chew-Bullock et al. (2007) 
also showed that hop length and maximal kicking velocity were positively correlated, and 
they also reported a significant correlation between balance beam performance and kicking 
variability (r=0.32).  
Examination of ground reaction forces during kicking has been performed by several 
groups of researchers (Inoue, Nunome, Sterzing, Shinkai & Ikegami, 2014; Katis & Kellis, 
2010; Orloff et al., 2008); each group of researchers measured the amplitude of ground 
reaction forces (M/L and A/P directions) during maximal kicking with a run up, but, none 
investigated the stability of these forces during the kicking sequence. However, Inoue et al. 
(2014) did speculate that since the support leg experiences ground reaction forces twice that 
of body weight, the support leg has an important role in stabilising the body during the 
kicking sequence. Orloff et al. (2008) identified gender differences in ground reactions forces 
during in-step kicking; while boys and girls produced similar ball speed, girls experienced 
larger mediolateral forces at ball strike and boys experienced larger vertical forces (Orloff et 
al., 2008). 
Sidaway et al. (2007) demonstrated that with additional postural support (in the form 
of an external handle to hold on to) a greater kick velocity can be achieved. While the 
Sidaway et al. (2007) study lacked ecological validity, it did provide some evidence for 
greater postural support assisting kicking performance. In an extension of their previous 
work, Chew-Bullock et al. (2012) highlight the fact that there is a paucity of research 
investigating balance and kicking. Their research looked into this issue and showed that when 
participants (16 men, 22 girls mean age ~23 years) kicked with their preferred legs, the 
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kicking accuracy was correlated with support leg balance ability (Chew-Bullock et al., 2012). 
To this author’s knowledge, only one published study has used posturography to investigate 
the dynamic postural control of children when kicking a ball. King, Gatteys and Wang (2015) 
measured the ground reaction forces to ascertain if asymmetries in control could be detected 
during a kicking task. It was shown that the duration of body weight transfer and anticipatory 
postural adjustments were significantly lower between left and right foot kicking trials (no 
mention was made of age, gender, experience or lower limb dominance of participants) (King 
et al., 2015).  
Research into the development of children’s static postural control has largely used 
linear data processing techniques, which have quantified the variability of COP in terms of 
the sway area, sway velocity, or sway displacement, amongst other measures. Whilst useful 
in summarising some key differences between age groups, linear analyses are limited in terms 
of how mechanical degrees of freedom enable changes to postural control (Anderson & 
Button, 2017). Further insights about how the longitudinal development of children’s static 
postural control proceeds could be made using contemporary non-linear techniques. 
It has been shown that children employ different postural control strategies compared 
to adults and Assaiante and Amblard (1995) and others have suggested that between the ages 
of approximately 6.5 and 8 years of age, a critical period in the development of postural 
control exists (Olivier et al., 2010; Olivier et al., 2007) after which, organisation of postural 
control strategies may be managed differently. As children traverse through this critical 
period, they are required to recalibrate postural control to accommodate for changes to the 
perceptual-motor system, anthropometric characteristics and attentional capacity (Assaiante 
& Amblard, 1995; Austad & van der Meer, 2007; Kirshenbaum et al., 2001; Olivier et al., 
2010; Riach & Starkes, 1994). 
Biophysical and mechanical characteristics of children are not the only factors that 
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influence performance of FMS. A growing body of research is showing that the perceptions 
that children have of their own competence influence not only actual performance but also 
the amount of engagement in physical activity they pursue. Next, a discussion about self-
perceived physical competence of children is presented with a focus on the differences 
between younger and older children and between genders and the relationship of actual motor 
competence to self-perceived competence.  
1.4 – Self-Perceived Physical Competence  
The sense a child has of his or her own ability in a range of physical skills is described 
as self-perceived physical competence (Harter, 1982). After identifying problems with 
previous self-evaluation scales, Harter (1982) designed the Perceived Competence Scale for 
Children (PCSC). The PCSC aimed to reduce what Harter (1982) described as socially 
desirable responses from children and to strengthen the focus on the perception a child had of 
his or her competence. One skill domain that Harter (1982) focussed on was physical 
competence and the original PCSC included 7 questions that aimed to assess how children 
perceive their own competence in sports and games. Building on the work of Harter (1982) 
Southall, Okely and Steele (2004) removed 1 and added 12 questions to the original scale’s 
questions about physical competence to create a logically valid and reliable (α = 0.87) 18 
question scale of self-perceived physical competence (SPCC). 
The importance of self-perceptions of competence is highlighted in its relationship 
with engagement in physical activity. Positive relationships have been found between self-
perceived competence and effort, persistence and motivation to participate in physical 
activities (Carroll & Loumidis, 2001; Robinson, 2010). However, young children are known 
to have self-perceptions of physical competence that exceed their actual physical competence 
(Stodden et al., 2008). Reasons given for the mismatch between self-perceived and actual 
physical competence include a lack of cognitive skills and the children’s association between 
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higher expended effort or mastery attempts with increased competence (Stodden et al., 2008). 
But, perceived physical competence has been shown to become lower as children age and as 
they become more aware of the skills of other children their age and begin to rank themselves 
on the social ladder (Jacobs, Lanza, Osgood, Eccles & Wigfield, 2002; Ulrich, 1987).  
Similar to FMS battery tests, like the TGMD-2 and M-ABC, the SPCC is versatile 
and researchers can either analyse all children’s answers to SPCC questions to determine 
TPPC or they can separate scores for different classes of movement skill (e.g., perceived 
locomotor skills competence (PLSC) and perceived object control competence (POCC)) and 
investigate those independently (e.g., see Liong et al., 2015). Perceived locomotor skills are 
not the focus of the present thesis and will not be discussed further. Along with gender 
differences in FMS competence, some gender differences across a range of ages (i.e., 5 – 11 
years old) in self-perceived physical competence have been identified with young boys 
having higher TPPC than young girls (Duncan, Jones, O’Brien, Barnett & Eyre, 2018; Eccles, 
Wigfield, Harold & Blumenfeld, 1993; Jacobs et al., 2002; Nagai, Nomura, Nagata, Ohgi & 
Iwasa, 2014; Robinson, 2011; Toftegaard-Stoeckel et al., 2010; Ulrich, 1987). However, 
others have found that girls aged approximately 5.8 years old have higher TPPC compared to 
boys (Crane et al., 2017; LeGear et al., 2012), and one group found no difference between 
genders at age 6.5 years old (Liong et al., 2015). The differences between genders in TPPC 
may exist as a result of parental and social influences, preferences to certain activities, or the 
young girls discounting the importance of object control skills (Crane et al., 2017; Eccles et 
al., 1993; Jacobs et al., 2002; LeGear et al., 2012; Liong et al., 2015). A common trend has 
been identified in previous research that utilised the Pictorial Scale of Perceived Movement 
Competence for Young Children (PSPMCC) (Harter & Pike, 1984) when studying the effect 
of gender on POCC; Barnett, Ridgers and Salmon (2015) and Slykerman, Ridgers, Stevenson 
and Barnett (2016) found that in children (mean age 6.3 and 6.5 years old, respectively) 
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young boys tend to have increased POCC compared to young girls, as did Clark, Moran, 
Drury, Venetsanou and Fernandes (2018) in their study of children (mean age 9.5 years old). 
The differences between genders in POCC have been posited to exist as a result of parental 
and social influences, preferences for certain activities, or young girls discounting the 
importance of object control skills (Eccles et al., 1993; Jacobs et al., 2002; LeGear et al., 
2012; Liong et al., 2015).  
1.4.1 – Correlation between perceived and actual competence. As TPPC lowers 
with age and FMS competence improves with age the relationship between these two 
variables should strengthen. The relationship between self-perceived and actual physical 
competence provides researchers with information about how accurate children’s perceptions 
of their own skills are. Previous research has presented conflicting results about correlations 
between actual and perceived physical competence of young children.  
Four studies used the TGMD-2 and PSPMCC to assess the relationship between 
actual and perceived physical competence of children (LeGear et al., 2012; Liong et al., 2015; 
Robinson, 2011; Spessato, Gabbard, Robinson & Valentini, 2013). Robinson (2011), LeGear 
et al. (2012) and Spessato et al. (2013) found significant weak to moderate positive 
correlations between actual and perceived competence in children aged between 4 and 6, 
whereas research by Liong et al. (2015) did not. Using the Korperkoordinationstest fur 
Kinder (KFK), a test of gross motor ability, and a purpose designed self-report test of bodily 
competence, Toftegaard-Stoeckel et al. (2010) showed a weak, significant positive 
correlation between TPPC and actual motor competence in children aged approximately 6.8 
year old. 
Results from two studies strengthen the idea that the accuracy of children’s self-
assessments of physical competence increases with age. In a study by Horn and Weiss 
(1991), two assessors used a teacher rating scale to determine children’s actual motor 
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competence along with the physical sub-scale of the PCSC to determine the accuracy of 
children’s self-assessments of competence. Results showed that children aged 10.9 and 12.0 
years old had significant, moderate positive correlations between self-perceived and actual 
competence (whereas children aged 8.8 and 9.8 years old did not display this relationship). 
Hence, the accuracy of elf-assessments of physical competence was increased for children 
over 10 years (Horn & Weiss, 1991). Also, in a slightly older range (children’s age groups, 9, 
10 and 11 years old), Rudisill, Mahar and Meaney (1993) used a Motor Perceived 
Competence Scale (MPCS) and a motor skills battery test designed to test skills that were 
similar to those mentioned in the MPCS, showed significant, moderate positive correlations 
between perceived and actual (upper and lower body) competence.  
The relationship between perceived and actual object control competence has also 
been examined. Crane et al. (2017) showed that in children with a mean age of 5.8 years old 
the relationship between POCC and actual competence of young boys and girls was very 
weak to moderate but both LeGear et al. (2012) and Liong et al. (2015) found that only young 
boys (mean age 5.9 and 6.5 years old, respectively) had a significant, weak correlations 
between POCC and actual motor competence. Reasons offered for boys and not girls having 
a significant correlation between perceived and actual object control skills included 
differences between skills referenced in perceived competence tests and skills performed in 
movement skills tests and the discounting by young girls of the importance of object control 
skills (Crane et al., 2017; LeGear et al., 2012). In a study of particular importance to the 
present thesis, Barnett et al. (2015) investigated the relationship between object control skills, 
as determined by children (mean age 6.3 years old) completing the TGMD-2, and the 
perceived object control competence (determined by having children complete a specially 
designed pictorial questionnaire structured similar to the PSPMCC. Barnett et al. (2015) 
found that while young girls had significantly lower perceived and actual ball skills 
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competence, the significant, positive relationship between perceived and actual ball skills 
competence did not differ by gender.   
1.5 – Summary – Postural Control and Perceived Competence   
So far, this brief review has highlighted representative studies into FMS performance, 
the development of postural control and children’s self-perceived physical competence and 
the relationship it has to actual physical competence. Postural control underlies and 
constrains performance of fundamental movement skills, and as such, it is important that 
children develop effective postural control abilities if they are to develop fundamental 
movement skill proficiency (Clark, 2005; Lubans et al., 2010; Newell, 1986; Stodden et al., 
2008). Studies of the actual and self-perceived competence of young children highlight that 
there may be differences between genders in terms of balance ability, object control skills and 
self-perceived physical competence (Barnett et al., 2010; Eccles et al., 1993; Jacobs et al., 
2002; Nagai et al., 2014; Robinson, 2011; Toftegaard-Stoeckel et al., 2010; Ulrich, 1987). 
Differences between dominant or non-dominant limbs in performance of FMS may also exist 
(Clark & Watkins, 1984). More research is needed to examine if postural kinetics, including 
COP sway regularity, area and velocity during static balance and FMS can identify 
differences between genders and limb dominance. 
If children are to become proficient at fundamental movement skills, they first need to 
develop the postural control that will allow them to succeed. Further, to enable children to 
seek out and participate in physical activity, it is important for them to have positive 
perceptions of competence. However, it has yet to be clarified what type/s of physical activity 
are most effective at improving postural control, FMS competence or self-perceptions of 
physical competence? One promising, yet under researched approach to this quandary is to 
study the effect of different types of physical activity on these constraints (de Graaf-Peters et 
al., 2007; Fotiadou et al., 2002; Fotiadou et al., 2009). 
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Activities that aim to assist the development of movement literacy may provide part 
of the answer to the previous question. While dance (Crotts, Thompson, Nahom, Ryan & 
Newton, 1996) and martial arts (Perrin et al., 2002) have been shown to assist with the 
development of postural control, so has gymnastics (Garcia et al., 2011; Gautier, Thouvarecq 
& Larue, 2008; Vuillerme, Danion, et al., 2001). Educational gymnastics and rhythmic 
gymnastics have been shown to assist typically developed, deaf and intellectually disabled 
children to improve FMS (Fotiadou et al., 2002; Fotiadou et al., 2009; Rudd et al., 2017a). 
Finally, gymnastics training has been shown to be beneficial for postural skills (Garcia et al., 
2011; Gautier, Thouvarecq & Larue, 2008; Vuillerme, Danion, et al., 2001). The following 
section briefly describes the aims of educational gymnastics and highlights a number of 
studies describing how gymnastic training affects postural control abilities.  
1.6 – Effects of Gymnastics Training on FMS, Postural Control and Self-Perceived 
Physical Competence  
As a form of exercise and training, gymnastics has been practiced at least since 
modern civilisation began (Stempsey, 2001). In ancient Greek times people practiced 
gymnastics mainly for therapeutic purposes and it was believed to be necessary to maintain 
good health (Bakewell, 1997; Stempsey, 2001). Gymnastics was differentiated from athletics 
in antiquity by the purpose and attitude of the participants; while gymnastics and athletics 
both aimed at producing physically fit individuals, athletes did so for the purpose of winning 
prizes, and gymnasts did not (Thompson, 1975). There are various forms of gymnastics. The 
American military have used gymnastics to train their personal (Coelho, 2010) and aquatic 
gymnastics has been suggested as a form of exercise that is beneficial for women who are 
pregnant (Kihlstrand, Stenman, Nilsson & Axelsson, 1999), educational gymnastics is taught 
by teachers and coaches of young children to develop movement skills (Donham-Foutch, 
2007) and Olympic gymnastics is the competitive form of the discipline. 
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Donham-Foutch (2007) proposed that gymnastics should be a fundamental part of the 
physical education curriculum from pre-school through to college. Regular gymnastics 
practice may help to provide a foundation for the motor skills that are necessary throughout 
life and in many physical activities and sports (Coelho, 2010). Baumgarten and Pagnano-
Richardson (2010) and Nilges (1997) both agree that educational gymnastics achieves these 
aims by engaging children in developmentally appropriate learning experiences by carefully 
structuring and progressing activities so children expand their capacity for movement at their 
own pace. Further, educational gymnastics often takes a problem-based learning approach 
and children are encouraged to be creative to find their own solutions to new movement 
situations (Baumgarten & Pagnano-Richardson, 2010; Nilges, 1997). Donham-Foutch (2007) 
and Coelho (2010) both suggested that engaging children in gymnastics enables them to 
develop basic movement related skills, such as locomotion, balance, spatial and social 
awareness, confidence and perseverance. Baumgarten and Pagnano-Richardson (2010) agree 
and add that educational gymnastics assists children to develop physical literacy by assisting 
them to develop body management skills (e.g., appropriate movement responses to a variety 
of everyday actions), improve kinaesthetic (proprioceptive) awareness and develop 
movement confidence. Coelho (2010), Donham-Foutch (2007) and Baumgarten and 
Pagnano-Richardson (2010) all agree that educational gymnastics is valuable for the 
development of balance and stability in movement.  
1.6.1 – Postural control of gymnasts compared to other athletes and non-athletes. 
Several studies have compared the postural control skills of gymnasts to non-gymnasts during 
balancing tasks (unipedal and bipedal) with vision and without vision (Asseman, Caron & 
Cremieux, 2008; Calavalle et al., 2008; Lamoth, van Lummel & Beek, 2009; Vuillerme, 
Danion, et al., 2001). Researchers found that gymnasts outperformed the non-gymnasts in 
more challenging balancing tasks (Asseman et al., 2008; Calavalle et al., 2008; Lamoth et al., 
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2009; Vuillerme, Danion, et al., 2001). Vuillerme, Danion, et al. (2001) and Asseman et al. 
(2008) showed that when participants’ vision was occluded artistic gymnasts had a smaller 
sway range and sway area, respectively, during unipedal balancing. Vuillerme, Danion, et al. 
(2001) suggested that gymnasts were able to accommodate for a lack of vision better than 
non-gymnasts were. Interestingly, Calavalle et al. (2008), found that rhythmic gymnasts had 
larger sway area in the A/P but not M/L plane than non-gymnasts and larger overall sway 
area. These results suggest that variations of gymnastics training (i.e., competitive, 
educational and rhythmic) have the potential to influence posture in different ways; for 
example, the conflicting sway range (i.e., larger A/P sway and less M/L sway) results, 
presented by Calavalle et al. (2008), suggest that compared to non-gymnasts, gymnasts enact 
postural sway strategies that allow sway in one plane while restricting it in another.  
When a gymnast’s proprioceptive sense is rendered somewhat unreliable (for example 
when standing on an unstable surface) research is somewhat divided about the postural 
responses compared to non-gymnasts. Vuillerme, Danion, et al. (2001) reported gymnasts 
had a lower speed of COP travel than other sports players during unipedal balancing on firm 
and unstable surfaces, whereas Asseman et al. (2008) reported no differences between 
gymnasts and other sportsmen and non-gymnasts velocity of COP. Calavalle et al. (2008) did 
not report velocity data. The similarity in velocity measures between groups in Vuillerme, 
Danion et al.’s (2001) study was attributed to a large variability mainly in the non-gymnasts. 
The lack of agreement between Vuillerme, Danion, et al. (2001) and Asseman et al. (2008) 
serves to highlight that more research needs to be done, possibly with younger participants 
whose perceptual motor systems are still developing. Interestingly, rhythmic gymnasts’ 
stability was worse than the other sportspeople after balancing for more than 10 seconds, 
adding support to the idea that postural control is task dependant and constrained by training 
(Calavalle et al., 2008). Both Vuillerme, Danion, et al. (2001) and Asseman et al. (2008) 
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suggest that unipedal balancing skills did not transfer to other balancing skills. 
In another sensory manipulation paradigm Gautier, Thouvarecq and Vuillerme (2008) 
used video projectors to manipulate the optical flow participants (age range ~21 – 22 years 
old) experienced while they stood quietly. Compared to experts in other sports, gymnasts 
demonstrated greater efficiency and adaptability when maintaining an appropriate posture in 
changing environmental conditions (Gautier, Thouvarecq & Vuillerme, 2008). The efficacy 
demonstrated by the gymnasts was noted in the tighter coupling of movement with the 
sensory information received from the environment (Gautier, Thouvarecq & Vuillerme, 
2008). Notably, gymnasts’ responses were equally fast to the onset and offset of optical flow, 
whereas non-gymnasts, on the other hand, responded slower to the optical flow stopping than 
gymnasts (Gautier, Thouvarecq & Vuillerme, 2008). This tighter perceptual-motor coupling 
and adaptability of gymnasts suggests that, as environmental cues changed, gymnasts enacted 
postural control strategies that allowed for more efficient and effective performance of supra-
postural tasks. The results from Gautier, Thouvarecq and Vuillerme (2008) support the idea 
that people who have been trained in gymnastics display enhanced utilisation of multimodal 
information and more effective adaptation to changing environmental cues. The utilisation of 
sensory information to regulate postural control was studied by Vuillerme, Teasdale and 
Nougier (2001) who sought to determine differences in how sensory information was 
weighted by people trained in gymnastics and other sports. When balancing with or without 
vision, vibration was applied to and then taken away from two tendons that assist with the 
maintenance of upright standing (Vuillerme, Teasdale, et al., 2001). When the vibration was 
removed and proprioceptive signals were returned to normal, the gymnasts responded more 
quickly to the change in task conditions compared to other athletes Vuillerme, Teasdale, et al. 
(2001), like the gymnasts in the study by Gautier, Thouvarecq and Larue (2008). It was 
concluded that the gymnasts were more efficient at extracting relevant sensory cues from the 
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sensory-motor workspace and utilising them to regulate posture (Vuillerme, Teasdale, et al., 
2001). The authors also suggested “that gymnasts have developed a more precise internal 
model of their body position in space” (Vuillerme, Teasdale, et al., 2001, p. 76). This 
suggestion lays the foundations for an interesting proposition. It was previously suggested by 
Malouin and Richards (2000) that children do not have an accurate internal representation of 
themselves when compared to adults. Therefore, if children practice educational gymnastics, 
they may develop a more precise internal model more quickly, compared to children who do 
not practice educational gymnastics. This heightened awareness may enhance postural 
control by assisting children to extract and utilise relevant somatic and environmental sensory 
cues and utilise them to their advantage. 
While disruptions to sensory information allow researchers to explore the influence of 
various sensory systems on postural control, postural control can also be investigated by 
placing extra demands on the cognitive system. One final study relevant to this review was 
conducted by Vuillerme and Nougier (2004) who aimed to discover differences between 
gymnasts and non-gymnasts in postural control tasks when attentional demand increases. 
When postural tasks became more difficult, all participants’ increased sway area and reaction 
time; however, gymnasts displayed a significantly smaller increase in reaction time compared 
to the non-gymnasts when balancing tasks became more difficult. Gymnasts also displayed 
no significant increase in reaction time or COP displacement between one foot balancing on a 
stable surface and foam. Vuillerme and Nougier (2004) said their findings showed that the 
gymnasts were less dependent on attention for postural control when postural threat 
increased. This suggests that gymnasts showed an enhanced ability to utilise cognitive 
processes for decision making rather than controlling posture. 
Few studies have been conducted that investigate the effect of gymnastics training on 
the static postural skills of young children. Garcia et al. (2011) studied the effects of 
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gymnastics training on postural control of typically developed young children (age groups 5 – 
7 and 9 – 11). In their study, Garcia et al. (2011) asked participants to stand quietly on a force 
platform with feet shoulder width apart and eyes open or closed. The researchers concluded 
the younger gymnasts showed better postural control (smaller sway area and slower M/L 
sway velocity) than non-gymnasts Garcia et al. (2011). However, given these findings it was 
noted that the improved postural control displayed by the younger gymnasts did not 
necessarily mean that the older gymnasts showed significantly different postural control 
abilities than the non-gymnastically trained older children Garcia et al. (2011). It was 
suggested by Garcia et al. (2011) that the bipedal balance task was too simple to challenge 
the functioning of the older children’s postural control systems. Another reason for no 
differences being seen between the groups is the linear techniques used by Garcia et al. 
(2011) which may lack the sensitivity to discriminate between groups in a relatively simple 
task such as quiet standing. Hernández Suárez, Guimeraes Ribeiro, Hernández Rodriguez 
José, Rodríguez Ruíz and García Manso Juan (2013) compared the sway area and sway 
velocity between two groups; group one was national level female rhythmic gymnasts 
(approximately 9.59 years old) and group two was female non-gymnasts (approximately 9.74 
years old). In both static bi- and unipedal balance conditions, non-gymnasts swayed over a 
similar area but significantly slower than gymnasts (Hernández Suárez et al., 2013). Finally, 
Kochanowicz, Kochanowicz, Niespodziński, Mieszkowski and Sawicki (2017) investigated 
the static balancing ability of younger and older male gymnasts (age groups 8 – 10, 12 – 14, 
18 – 25). In the younger age group, gymnasts and non-gymnasts did not differ significantly in 
sway area while balancing for 30s. Taken together, these results suggest that as age increases 
the positive effect that gymnastics has on postural control may be diminished after the age of 
approximately 9 years old, but, also that a gender effect may be present such that the postural 
control girls may be different between those trained in gymnastics and non-gymnasts.  
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This brief review has shown that gymnastics experience and training can lead to 
different underlying organisation and coordination of postural control in changing 
environments and sensory conditions. Given the results of these studies, specificity of 
postural training and transferal of balancing skills to other contexts may be a benefit of 
artistic and rhythmic gymnastics training. As predicted, gymnasts performed better at tasks 
(especially unipedal balancing) that were similar to activities that they performed in training. 
Gymnastically trained people are more stable and show greater efficiency, effectiveness and 
adaptability when controlling balance. In addition, in conditions of increased attentional 
demand or changing environmental conditions during unipedal balancing tasks, the postural 
performance of gymnasts was less affected than that of other sports people. Gymnasts have 
been shown to have a greater ability to utilise sources of sensory information, other than 
vision, to regulate posture. Not surprisingly, it was also shown that practice in gymnastics 
tasks enhanced performance of gymnastics balance-like activities. There is continued debate 
about whether skills learned and practiced in gymnastics can be transferred to other motor 
skills. While the gymnasts’ performances were not consistent between the aforementioned 
studies, the results seem to suggest that the greater postural performance of gymnasts may be 
due to an enhanced ability to utilise alternative sources of sensory information for postural 
control. Although the review largely describes participants who were elite gymnasts, many of 
the control groups were comprised of elite sports people who would also be expected to 
perform a large amount of training.   
1.7 – The Present Research  
Given the findings presented in this review, it is clear that a gymnastics-specific 
training intervention has the potential to elicit differences in the postural control strategies of 
children and assist the development of postural control during performance of movement 
skills such as gait initiation and kicking. However, further research is needed to address 
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issues not previously covered by previous research. In particular, the effect that educational 
gymnastics has on the development of static and dynamic postural control of young children 
(i.e., aged between 6 – 8 years of age) is unknown. While previous studies have investigated 
how gymnastics can influence the development of FMS performance (Karachle et al., 2017; 
Rudd et al., 2017a, 2017b; Sheerin et al., 2012), none have investigated how postural control 
changes. Further, the effect of limb dominance on static and dynamic postural control and 
performance of young children is under-researched. Last, how self-perceived physical 
competence or the relationship between actual and perceived physical competence changes as 
a result of practicing educational gymnastics is unknown.  
1.7.1 – Research aims and objectives.  This thesis had three primary aims; 1) to 
explore the longitudinal development of children’s static and dynamic postural control, 
performance of FMS and self-perceived physical competence in young children, 2) to 
discover how the practice of educational gymnastics affected the development of postural 
control during and performance of FMS compared to typical primary school physical 
education, 3) to discover how the practice of educational gymnastics affected perceived 
physical competence of young children compared to typical physical education and how 
perceived physical competence related to performance of two FMS. 
The objectives of this research are; 1) to track the development of static and dynamic 
postural control and perceived physical competence of young school aged children (aged 
approximately between 6 and 8 years of age) engaged in either educational gymnastics or 
typical primary school physical education, 2) compare and contrast the changes in postural 
control strategies during performance of FMS, 3) compare and contrast the changes 
performance of FMS between groups, 4) compare and contrast the changes to perceived 
physical competence between groups, 5) examine the relationships between postural control 
and FMS performance, and between perceived physical competence and FMS performance.  
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Following the description of the methods, this thesis is divided into four major 
sections. The first three sections each consist of results, discussion and conclusion sections 
for the respective study’s, i.e., study one, static postural control, study two, dynamic postural 
control and study three, self-perceived physical competence. Following these sections, the 
forth section provides general conclusions and limitations of the thesis, implications of the 
present study and directions for future research.  
1.7.2 – Hypotheses.  
1. In the unipedal balance task, following the completion of the respective physical 
education programmes participants’ will show i) improved FMS performance outcomes 
(e.g., greater percentage of successful trials), ii) the Gymnastics group would display 
advanced postural strategies (e.g., reduced sway regularity) compared to the typical 
physical education group, iii) the Gymnastics group children will make significantly 
different changes to performance and postural control between phases compared to the 
TPE group children, iv) girls in each group would outperform and display different 
movement patterns compared to boys during the balancing task and v) differences 
between the dominant and non-dominant limbs in postural strategies would exist. 
2. In the dynamic postural task, following the completion of the respective physical 
education programmes, participants’ will show i) increased kick performance 
outcomes, ii) the Gymnastics group children will make significantly different changes 
to performance and postural control between phases compared to the TPE group 
children, and iii) boys in each group would outperform and display different movement 
patterns compared to girls during the balancing task and iv) differences between the 
dominant and non-dominant limbs in postural strategies would exist. 
3. With regards to self-perceived physical competence, children in the Gymnastics group 
will show reduced self-perceived physical competence across the duration of the study 
45 
 
but increased accuracy in self-assessments of physical competence compared to the 
typical physical education group. 
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2.0 – Methods  
2.1 – Participants  
The principals of local Dunedin, New Zealand, primary schools were approached by 
email through which interest to become involved with the research was be gauged. Principals 
who declared an interest in having year two classes (i.e., children aged approximately 6 at the 
beginning of the study) from their school participate in the research were contacted by the 
researcher to arrange an initial meeting. During this meeting the researcher outlined the 
details of the study and answered any questions about the research that arose. Once the 
school’s willingness to participate was confirmed, parents were informed about the project 
and asked if their children could participate in the study. Once participants were identified, 
parents were asked to fill out consent forms. Questions about the proposed study that parents 
had were answered by the researcher to the satisfaction of the parents.  
Two, coeducational schools from high socioeconomic communities agreed to allow a 
specialist, trained educational gymnastics coach to lead two, year-two classes through two 
45-minute lessons per week for one school term (10-weeks) in place of the regular physical 
education programme. Two other coeducational schools from high socioeconomic 
communities agreed to participate in the present study to form the control group; the control 
group schools would continue to provide their regular physical education curriculum. These 
groups will be referred to as the ‘Gymnastics group’ and ‘typical physical education’ (TPE) 
groups, respectively. Any child that had sensory-motor or musculoskeletal disorders were 
excluded from the study. Children were also screened out of the study if they had previously 
practiced any form of gymnastics for more than three months. One student from the 
Gymnastics group that initially provided consent was screened out due to previous 
educational gymnastics experience. Three children from the Gymnastics group dropped out 
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of the study after phase two due to moving away from the Dunedin area. All children that 
were in the control group completed all phases of the study.  
 
Table 2 
Gymnastics and TPE group participants’ age, gender and dominant hand/foot at each phase 
of data collection  
Phase one 
Group Gymnastics TPE 
Participants 
Total number 43 18 
Boys 24 6 
Girls 19 12 
 Mean SD Mean SD 
Age (Months) 
All 6.4 0.7 6.5 0.3 
Boys 6.4 0.7 6.4 0.2 
Girls 6.4 0.8 6.6 0.3 
Phase two 
Group Gymnastics TPE 
Participants 
Total number 43 18 
Boys 24 6 
Girls 19 12 
 Mean SD Mean SD 
Age (Months) 
All 6.7 0.7 6.8 0.3 
Boys 6.7 0.7 6.6 0.2 
Girls 6.6 0.8 6.9 0.3 
Phase three 
Group Gymnastics TPE 
Participants 
Total number 40 18 
Boys 23 6 
Girls 17 12 
 Mean SD Mean SD 
Age (Months) 
All 7.2 0.7 7.3 0.3 
Boys 7.2 0.7 7.2 0.2 
Girls 7.2 0.8 7.4 0.3 
  
 
Table 2 contains the number of students in each group and descriptive statistics for 
age and gender data of the children who participated in educational gymnastics and typical 
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primary school physical education. To determine the participants’ dominant hand- and 
footedness, each child was asked (and parent/caregiver confirmed) what foot or hand they 
would use to kick or throw a ball, respectively, as far as they could. In the Gymnastics group, 
at phases one and two 79% of boys and 95% of girls were right hand/foot dominant and at 
phase three 78% and 94% of boys and girls were right hand/foot dominant. In the TPE group, 
at each phase 100% of boys and 92% of girls were right hand/foot dominant.   
2.2 – Equipment  
2.2.1 – Fundamental movement skill competence. Fundamental movement skills 
(FMS) competence was determined by assessing performance and postural control during one 
static (unipedal balancing) and one dynamic task (i.e., kicking a football toward a target). 
Ground reaction force (GRF) data in the vertical, mediolateral (M/L) and anterior-posterior 
(A/P) directions, and M/L and A/P centre of pressure (COP) displacement data was measured 
in mm using two AMTI (Watertown, Massachusetts) force plates (plate one – model OR6-5-
1; plate two – model LG6-3-10) and strain gage amplifiers (model SGA6-4). Gain for the 
force plates were set at 1000. All GRF data was captured on personal computer using Vicon 
Nexus 1.8.5 software (Vicon, Oxford, UK) with a capture rate of 1000 Hz.  
For the unipedal balancing task, a 50-inch Sony Bravia television screen mounted on 
a moveable trolley was used to display images of static cartoon monsters for children to look 
at while they balanced. The height of the television screen was approximately at the height of 
the eye line of the children. The television was placed in front of the participant four metres 
away. 
For the dynamic postural control task (i.e., kicking), a regulation size five soccer ball 
was used. The target at which the participants kicked the soccer ball was a brightly coloured 
sports cone (13.5cm wide, 22cm tall) placed in the centre of a Kathmandu brand portable 




A high-speed video camera (Basler, model-piA640-210gc, Ahrensburg, Germany) 
operating at 200 Hz was used to film children performing the tasks. Video footage was used 
to determine the start, finish and number of foot touch downs in the balancing task and time 
of the striking leg’s heel lift and ball strike in the kicking tasks. The same Vicon Nexus 
system as mentioned above was used to capture and synchronise the video with the force 
plate data. 
2.2.2 – Self-perceived physical competence. Self-perceived physical competence 
was determined by having the participants complete the modified athletic competence sub-
scale of the Self-Perception Profile for Children (SPPC) (Harter, 1982). Modifications were 
made by Southall, Okely and Steele (2004) who added 12 items to the original scale to add 
depth and breadth and to enhance the reliability of the original test. The modified test 
contains 18 questions, through which children rate their own ability to perform certain 
physical tasks. Questions in the self-perception profile addressed each category of 
fundamental movement skills (i.e., locomotion, object control and balance). The reliability 
coefficient (alpha) of the modified athletic subscale of the SPPC is 0.87 (Southall et al., 
2004). The questionnaire can be found in Appendix 1. 
2.3 – Procedure  
The present study was a 9-month longitudinal, mixed methods design. At the first 
visit to the laboratory, parents and children were asked to complete the respective consent 
forms. Before any kinetic, performance and self-perceived physical competence 
measurements were made, children were led through a familiarisation session in which they 
were allowed to practice the activities of the testing protocol. Any questions children, or 






Educational Gymnastics Curriculum  
Theme / Activities 
Week Lesson 1 Lesson 2 
1 Basic locomotion (one, two, four limbs) 
Advanced locomotion (jumping and 
landing) 
2 Static balance 
Advanced locomotion (rolling and 
spinning) 
3 Advanced locomotion (rolling) 
Advanced locomotion (jumping and 
landing) 
4 Static and dynamic balances 
Advanced locomotion (jumping and 
landing) 
5 
Object control (individual and partner ball 
skills) 
Object control (individual ball skills) 
6 Gymnastics floor routines Gymnastics floor routines 
7 Gymnastics floor routines Gymnastics floor routines 
8 Dynamic Balance (beam skills) Advanced locomotion (vaulting skills) 
9 Vaulting skills Beam skills 
10 





Data collection consisted of three phases. Phase one of data collection was used to 
obtain baseline data and was completed in the school holidays before the start of term one of 
the school year. In this phase, children from both groups visited the lab with their parents or 
caregivers, were introduced to the researcher, the technical staff, familiarised with the 
laboratory environment and completed the written and physical tasks. Following the phase 
one data collection, children in the group designated to complete the fundamental movement 
skills programme participated in a specially designed bi-weekly educational gymnastics 
lessons for 10 weeks (the length of the school term). All educational gymnastics lessons were 
taught by a qualified gymnastics coach with more than 5 years’ experience coaching young 
children educational gymnastics. These lessons incorporated basic fundamental movement 
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skills (locomotion, object control and balancing skills) embedded within basic artistic and 
rhythmic gymnastics skills. The pedagogical approach taken by the gymnastics coach was 
informed by the principles of educational gymnastics as described in the introduction (see 
section 1.6). Details of the content of the educational gymnastics and typical physical 
education curriculum can be found in Table 3 and Table 4 and details of the full educational 
gymnastics lessons can be found in Appendix 2. Children in the group that completed typical 
primary school physical education did so under the instruction of their usual teacher for the 
same length of time as group one. The teachers that led the control groups’ physical 
education classes were NZ qualified with 10+ years’ experience working with children.  
After the first school term had finished, children from both groups were invited back 
to the laboratory to complete phase two of the data collection. In phase two, the same 
activities as phase one were completed by all children. Phase three of data collection was 
completed six months after phase two; again, the same activities as phases one and two were 
completed by all students. Between phases two and three, students in both groups completed 
their normal physical education activities and no children practiced educational gymnastics. 
Phases one and two were completed by all children, and three children from group one did 




Table 4  
Typical Physical Education (TPE) Curriculum  
Theme / Activities 
Week Lesson 1 Lesson 2 
1 Locomotion (running / skipping) / 
dynamic balance / Object control 
(throwing at target) 
Locomotion (running / skipping) / 
Object control (catching) 
2 Static balance / Object control (throwing at 
target) 
Static balance / Object control (throwing 
at target) 
3 Locomotion (hopping) / Object control 
(throwing at target) 
Locomotion (hopping) / Object control 
(throwing at target and catching) 
4 Locomotion (jumping and hopping) / 
Object control (throwing at target) 
Locomotion (hopping and skipping) / 
Object control (throwing at target) 
5 Locomotion (jumping and landing) / 
Object control (throwing at target) 
Locomotion (jumping and landing) / 
Object control (throwing at target) 
6 Locomotion (jumping and side to side 
bench bunny hops) / Static balance (in 
pairs, postures held together) 
Object control (throwing and catching in 
pairs) / Advanced locomotion (forwards 
rolls) / Static balance 
7 Locomotion (skipping, crab walk, rolling) 
/ Object control (throwing and catching) / 
Static balance 
Locomotion (hopping) / Throwing 
catching / Object control (hula hoop 
spinning and rolling) 
8 Dynamic balance/ Locomotion (hopping 
and jumping) 
NA 
9 Object control (Skipping with rope and 
throwing and catching) 
NA 
10 Object control (skipping with rope / 
throwing and catching) 
Object control (skipping with rope / 
throwing and catching) 
Note; NA=information not available.  
 
2.3.1 – Data Collection  
2.3.1.1 – Static postural control. Static unipedal balance ability was assessed using 
the static balance test from the Movement Assessment Battery for Children – 2 (MABC-2). 
Similar static posture tests to this are also commonly used outside of the MABC -2 to assess 
static postural control, or balance ability (e.g., Mickle et al., 2011; Slobounov & Newell, 
1994a; Zumbrunn et al., 2011). In the present study participants were asked to stand quietly 
on one foot for a period of 20 seconds. Participants alternated between balancing on the 
dominant and non-dominant foot. Participants were asked to fix their gaze at a target (cartoon 
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monster displayed on a television set approximately four meters away) situated at eye level to 
minimise visual wandering (see Figure 56). After the 20 seconds of balancing had passed a 
red ‘stop’ sign was displayed on the television and children could cease balancing on one 
foot. Participants were asked to try to not touch the non-supporting leg on the ground or the 
supporting leg. However, children were told that, if needed, the non-supporting leg could be 
used to regain balance (by touching the floor, or support leg). The number of touches the non-
supporting leg made on the floor for maintenance of balance were counted. The participants 
were told that they can do anything they wanted to with their arms to maintain balance. This 
test was repeated up to five times per foot to give a maximum total of 10 trials per 
participant. In phase one, some children struggled to maintain attention or enthusiasm and 
when this occurred, the researcher made the decision to limit the amount of trials collected 
for that child. Ground reaction force (N) data collection was started at least 5 seconds before 
the children began balancing on one foot. A high-speed camera was located directly behind 
the participants, four metres away, to enable visual detection of touch downs during the 
balancing task.  
2.3.1.2 – Dynamic postural control. To measure dynamic postural performance 
during performance of an object manipulation task, participants were asked to kick a 
regulation soccer ball at a target. Participants were told that they could kick the ball in any 
way, but that the aim of the task was for the ball to hit the cone. Both the dominant and non-
dominant feet were used to kick the ball, alternatively. For this task, participants stood quietly 
on a force plate and the ball was placed in front of them (off the force plate) (see Figure 57.); 
the participant was asked if the ball was in a good position for them. If the participant needed 
the ball’s position to be adjusted, the researcher moved the ball and placed it in a position that 
the participant was happy with. Once the participant was satisfied that the ball was in an 
appropriate place, they were asked to stand quietly while the researcher stepped away. The 
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command to kick was then given and the participant attempted to kick the ball at the sports 
cone. A successful performance was deemed to be when the ball struck the cone.  
Recording of the GRF began at least two seconds before the ball was kicked to 
capture of the anticipatory postural adaptation period and for at least two seconds after the 
ball strike to capture the integrative postural control. A high-speed camera was located three 
metres away from the participant on the same side as the limb used for kicking, with the 
optical axis of the camera oriented in the coronal plane. Video collected from this camera was 
used for visual identification of heel lift of the striking leg and ball contact.  
2.3.2 – Self-perceived physical competence. Children were guided by the researcher 
through the modified athletic competence sub-scale of the SPPC (Southall et al., 2004). 
Children were asked to choose a coloured felt tip pen to use when answering the questions. 
Children were instructed to place a tick in the relevant box of the answer they wanted to give 
to each question. If children did not know what activity a question was asking about (e.g., 
side galloping) a demonstration of that activity was provided by the researcher. The 18-
question modified SPPC test (see Appendix 1) was administered in the laboratory before the 
tests of actual physical competence. The SPCC test took between 12-15 minutes to complete 
for each child. To ensure children were engaged during this test, each child was required to 
verbally respond to each question and to use a felt-tip pen to place a tick-mark in the 
appropriate place on the questionnaire. A researcher explained each question to ensure that 
the children understood what was requested; children were allowed to have their parents with 
them for support when answering the questions. Each question required the children to decide 
what kind of ‘kid’ was most like them, and whether it was ‘sort of true’ or ‘really true’. For 
example, one of the questions asks “Some kids don’t do well at new outdoor games, but other 
kids are good at new games right away”; the child would indicate that he or she is either good 
at new games or not good at new games, and whether it is ‘sort of’, or ‘really true’ for them. 
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All questions have the same format. Each question is scored out of four, where one indicates 
low self-perceived competence, and four indicates high self-perceived competence.   
2.4 – Data Analysis  
2.4.1 – Static and dynamic postural control. Before further processing of data was 
performed, trials that did not satisfy the task’s constraints were removed from the data set. 
For example, in the static postural control task, if a participant shuffled the support leg, or 
hopped to maintain balance that trial was removed from further analysis. Further, static 
postural control trials that were not successful, that is, if a participant used the non-support 
leg to maintain balance by touching it on the floor, or resting it on the support leg, that trial 
was excluded from the kinetic analysis procedure, but was included in the performance 
analysis data set, specifically to allow for the calculation of within-trial variation (defined 
below). The percentages of trials (dominant and non-dominant foot, respectively) that 
contributed to the within-trial variation data set were: Gymnastics group – phase one, 49.3%, 
39.8%; phase two, 66.2%, 61.5%; phase three, 73.9%, 67.8%. TPE group – phase one, 
44.4%, 46.7%; phase two 73.1%, 63.9%; phase three, 69.4%, 68.7%. 
Two types of data were collected for static and dynamic postural control tasks (i.e., 
performance and centre of pressure data). For the static postural control task, performance 
was measured by the percentages of successful trials (i.e., success) in the dominant and non-
dominant foot conditions (see Equation 1) and within-trial variation (i.e., the average number 
of touchdowns made during a single trial) in the dominant and non-dominant foot conditions 
(Equation 2). A static postural control task trial was determined to be successful if no errors 
(e.g., touchdowns or the non-support leg touching the support leg) were made during the 20 
seconds of unipedal balancing. Within-trial variation was included as a performance variable 
to assess the progression in static postural control across the duration of the study in those 
children who were unable to complete the task successfully. 
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In the dynamic postural control task performance was measured by determining the 
percentage of successful kicks made by each participant (see Equation 3). A dynamic postural 
task trial was deemed to be successful if the ball made contact with the target (cone).  
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The second type of data was centre of pressure (COP) data. All COP data were 
processed and analysed using MATLAB R2011a (version-7.12.0.635, MathWorks, Natick, 
MA) and custom designed scripts. Prior to analysis every trial in the static and dynamic 
postural tasks had its COP data cropped to the length of the trial using custom written 
MATLAB code. To crop the static postural task trials, the end of each trial was identified by 
watching the video footage captured of each trial and noting the video frame when the ‘stop’ 
sign was presented to the participant, the beginning of the trial was then determined by 
finding the frame in the video 20 seconds before the presentation of the ‘stop’ sign. To crop 
the dynamic postural task, key events, i.e., heel lift and ball strike, were identified by 
watching video footage captured during each trial. Every dynamic postural task trial COP 
time series was cropped to 500ms before heel lift and 500ms after ball strike; the 500ms of 
data collected before heel lift was used for analysis of the anticipatory postural adjustments 
made by participants and data collected between heel lift and ball strike was used for analysis 
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of integrative postural adjustments made by participants. All COP data was filtered using a 
zero-lag, 4th order low-pass Butterworth filter with a 10Hz cut off frequency and the length of 
trials were normalised to 2000 points.  
Processed COP data for every trial was analysed using linear and non-linear 
techniques (see Literature Review for a detailed justification of this approach). Linear COP 
variables calculated were the velocity (mm.s-1) of M/L and A/P COP displacement and the 
area of an ellipse (mm2) covering 95% of COP points was also calculated; the reliability 
coefficients of COPx and COPy are R = 0.81 and R = 0.86 (Le Clair & Riach, 1996). The 
non-linear variable calculated was sample entropy. In the sample entropy algorithm, the 
sequence length for matching was m = 2 and the tolerance for matching was r = 0.2* standard 
deviation. The full sample entropy algorithm is in Appendix 4. Sample entropy was 
calculated for both M/L and A/P COP displacement. The reliability of sample entropy has 
been determined by van Dieën, Koppes and Twisk (2010) who calculated the intraclass 
correlation coefficient (ICC) for sample entropy to be ICC= .62.  
2.4.2 – Self-perceived physical competence. The perceived competence of children 
was analysed in a similar fashion to Jones, Okely, Caputi, & Cliff (2010). The total perceived 
physical competence (TPPC) score and perceived object control competence (POCC) score 
were analysed separately.   
2.4.3 – Statistical Analysis Linear mixed-effects models were fitted for each of the 
performance and kinetic variables using the maximum likelihood method. The same random 
and fixed effects were used in the fitting of each model to allow for the interactions of 
interest to be explored for each dependent variable. The participants were included as the 
random effect and fixed effects were: 1) phase of the study, 2) group (Gymnastics or TPE), 3) 
gender and 4) the foot used (for performance of the task). Linear mixed-models were used in 
the present study because they control for unbalanced group sizes during the model fitting 
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procedure (Littell, 2002). Tests for normality and homogeneity of variance were conducted 
on the final models of the dependent variables using a Shapiro-Wilks test and Levene’s test, 
respectively with significance levels set at alpha = .05. Dependent variables that failed 
normality and variance tests were submitted to a log transform for further analysis.  
Once the models were finalised, to examine the effect of fixed factors and interactions 
between fixed factors on dependent variables mixed ANOVAs were performed for each 
dependent variable. Factors included in the ANOVA were group (Gymnastics or TPE), phase 
(repeated data collection), gender (male or female) and foot used (dominant or non-
dominant). Results of ANOVAs are presented in the Appendices. Least squares means were 
calculated for dependent variables to allow for examination of the main factors influencing 
performance, postural kinetics and perceived competence. 
Then, to reveal results relevant to the hypotheses t-tests were performed (significance 
levels were set alpha = .05) on least squares means to make comparisons between groups, 
phases, genders and foot used to perform tasks. Relative standard error and 95% confidence 
intervals were used as measures of dispersion in the results. To quantify the size of the 
difference between groups, or the size of the effect of phase, gender or foot used, Cohen’s d 
was calculated with reference values for small, medium and large sized differences set to 0.2, 
0.5 and 0.8, respectively, as indicated by Cohen (1988).  
For each condition, initial comparisons were made for each dependent variable 
between groups at phase one to determine if differences existed before the educational 
gymnastics and typical physical education programmes began (i.e., for kinetic and 
performance variables in the static and dynamic tasks an examination of the interaction 
between group, phase and foot were examined. For TPPC and POCC the interaction between 
group and phase was explored). Then, comparisons between groups at phases two and three 
were performed to examine the effect of the respective physical education modes on the 
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postural control and perceived competence of young children. The next step was to contrast 
between groups the changes made between each phase (i.e., changes made by each group 
between phases one and two, between phase two and three and between phases one and 
three). After these initial comparisons were made, gender was included as a factor in the 
analysis and the same comparisons previously described were made. Then, at each phase 
within groups comparisons exploring the effect of gender on kinetic and perceived 
competence were made as were comparisons of the changes made to these variables between 
phases by males and females. Last, the effect of foot used on kinetic variables was explored 
by comparing the dependent variables between feet at each phase as well as the changes 
made between phases for each foot condition.  
For closer analysis of the association between perceived and actual competence 
Pearson’s correlation coefficients were calculated between balancing success and TPPC and 
POCC and between kicking success and TPPC and POCC. The descriptions of strength of 
correlations found were 0–0.19 very weak, 0.2–0.39 weak, 0.4–0.59 moderate, 0.6–0.79 
strong, and 0.8–1 very strong (British Medical Journal, n.d.). 
The following section presents the results of the data analysis. Figures showing 
between group analysis exploring the effect of phase, gender and foot used are presented in 
the main body of the results to display general trends in dependent variables across the 
duration of the study. Figures showing within group effects of gender and foot used are 
presented in the Appendices. Results presented (i.e., degrees of freedom, t-ratio, p-value and 
Cohen’s d) in text provide details for significant differences between groups, gender or foot 
used and significant changes between phases or significant differences between groups in 
changes made between phases. Where figures contain numerous significant results, details of 
t-tests will be presented in tables for brevity. Where needed for increased detail, relative 
standard error and or 95% confidence intervals are presented in the discussion section to 
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highlight specific issues raised. 
 
Note: Table 5 provides details for symbols in all figures. 
 
Table 5  
Details for symbols in figures 
Symbol Indication 
* Gymnastics group – Significant difference between phases one and two 
** Gymnastics group – Significant difference between phases two and three 
*** Gymnastics group – Significant difference between phases one and three 
# TPE group – Significant difference between phases one and two 
## TPE group – Significant difference between phases two and three 
### TPE group – Significant difference between phases one and three 
{ Significant difference between groups at phase one 
{ { Significant difference between groups at phase two 
{ { { Significant difference between groups at phase three 
^ Significant difference between groups in change made between phases one and two 
^^ Significant difference between groups in change made between phases two and three 
^^^ Significant difference between groups in change made between phases one and three 
P1 Phase one 
P2 Phase two 





3.0 – Study One – Static Postural Control  
3.1 – Results – Static Postural Control  
 
Table 6  
Static postural control summary results table; between group, sex and foot differences at 
each phase   
Group Dependent Variable P1 P2 P3 
GYM 
Balance success (G – ND*)  
D* 
(G – ND*) 
Within trial variation 
D – M>F 
ND – M>F 
(G – ND*) 
ND – M>F 
D* 
D – M>F 
ND – M>F 
M/L entropy    
A/P entropy    
Sway area  
D – M>F 
ND – M>F 
D – M>F 
ND – M>F 
M/L sway velocity    
A/P Sway velocity   ND* 
TPE 
Balance success   (B – ND>D) 
Within trial variation  
ND – M>F 
(B – D<ND) 
(B – D>ND) 
M/L entropy    
A/P entropy    
Sway area D – M<F D – M>F  
M/L sway velocity    
A/P sway velocity   ND* 
Note: D = Dominant foot, ND = Non-dominant foot, B = boys, G = girls, * = significantly 
different performance between groups, ↑ = significant increase between phases, ↓= 
significant decrease between phases, ^ = significant difference between groups in change 
made between phases, # = significant difference between genders in change made between 
phases, % = significant difference between feet in change made between phases. Annotations 




Table 7  
Static postural control summary results table; between phase changes  
Group Dependent Variable P1  P2 P2  P3 P1 P3 
GYM 
Balance success   
D↑ 
ND ↑ 
Within trial variation   
D↓ 
ND↓ 
M/L entropy ND↓  ND↓ 














A/P Sway velocity 
D↓ 
ND↓^ 
(B – D^) 
(B - D^) 
D↓ 
ND↓^ 




(G – D↑) 
(G – ND↑) 
ND# ND↑ 
Within trial variation 
# 
(G – ND↓) 
# 
(B – ND↓) 
(B %) 
ND↓ 
(G – ND↓^) 
M/L entropy   D↓ 
A/P entropy  ND^ ND↓ 
Sway area D↓^ D↓ ^  










3.1.1 – Percentage of successful trials. Overall there were no differences between 
groups in terms of balancing performance and significant improvements were not obtained 
until Phase 3 (in comparison to Phase 1). The female participants made fewer touchdowns in 
general than the males.  
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Figure 3. Average percentage of successful trials and 95% confidence intervals during 
balancing by the Gymnastics and TPE groups in the dominant foot condition at each phase.  
 
Figure 3 and Figure 4show the percentage of successful dominant and non-dominant 
foot balancing trials at each phase for both groups. With data averaged across gender there 
were no differences between groups in success when balancing on either the dominant or 
non-dominant foot at phases one or two. When balancing on the dominant foot at phase three 
the Gymnastics group had a medium effect size, higher percentage of successful trials 
compared to the TPE group (t(57) = 1.91, p = .031, d = 0.6). Between phases one and three 
the Gymnastics group made an increase to the number of successful dominant foot trials 
(t(232) = -3.45, p < .01, d = 0.82). In the non-dominant foot condition, both groups made 
medium effect size increases to the percentage of successful trials between phase one and 
three (Gymnastics group, t(232) = -2.88, p < .01, d = 0.74. TPE group, t(232) = -2.28, p = 




Figure 4. Average percentage of successful trials and 95% confidence intervals during 
balancing by the Gymnastics and TPE groups in the non-dominant foot condition at each 
phase.  
 
The percentage of successful trials for males and females in each group at each phase 
in the dominant and non-dominant foot conditions made can be found in Figure 58 and 
Figure 59, respectively. In the non-dominant foot condition, the Gymnastics group females 
performed better than the TPE group females at phase one (t(57) = 2.86, p < .01, d = 1.13) 
and phase three (t(57) = 2.16, p = .018, d = 0.82).  
Table 35 and Table 36 respectively, show the results of t-tests comparing the 
percentage of successful trials between-phases during dominant and non-dominant foot 
balancing by males and females in the Gymnastics and TPE groups. The only sub-group to 
make changes between phases one and two were the females in the TPE group who made 
improvements to performance when balancing on the dominant or non-dominant foot (see 





Table 8  
Results of one-sided t-tests comparing the percentage of successful trials between genders in 
the Gymnastics and TPE groups at each phase  
Group Condition  df t-ratio p d 
Gymnastics 
Dominant foot 
P1 - - n/s - 
P2 - - n/s - 
P3 57 -2.26 .014 0.74 
Non-dominant foot 
P1 57 -2.87 < .01 1.14 
P2 57 -2.97 < .01 0.98 
P3 57 -3.60 < .001 0.95 
TPE 
Dominant foot 
P1 - - n/s - 
P2 - - n/s - 
P3 - - n/s - 
Non-dominant foot 
P1 - - n/s - 
P2 57 -2.56 < .01 1.36 
P3 - - n/s - 
Note: significant results indicate females performed better compared to males. 
 
Table 8 shows the results of t-tests comparing differences in success between genders 
in the Gymnastics and TPE groups. Generally, at each phase when balancing on either foot 
females tended to be more successful on average than males, this was especially evident in 
the non-dominant foot condition. In the TPE group the differences between genders were less 
clear (see Figure 60 and Figure 61). Between phases one and two and between phase two and 
three the changes made to non-dominant foot success by females in the TPE group were 
different compared to their male group members (P1P2, t(232) = 2.42, p = .016, d = 1.29. 
P23, t(232) = -2.56, p = .011, d = 1.28).  
TPE group males were more successful when balancing on the non-dominant foot 
compared to the dominant foot at phase three (t(232) = -2.20, p = .014, d = 1.27) (see Figure 
62).  
3.1.2 – Within-trial variation. Both groups reduced within-trial variation across the 
duration of the study, but improvements were only seen between phases one and three. 
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Females in both groups performed better than their male peers and TPE group females made 
the largest reductions to within trial variation throughout the study. Differences between feet 
were found in the TPE group. 
Figure 5 and Figure 6 show the average number of times participants in each group 
touched down in the dominant and non-dominant foot balancing conditions, respectively, 
during each phase. At phase three, the Gymnastics group touched down less on average 
compared to the TPE group (t(57) = -1.68, p = .049, d = 0.48). Between phases one and three, 
participants in the Gymnastics group reduced the average number of times they touched 
down when balancing on their dominant foot (t(232) = 3.01, p < .01, d = 0.72). Both groups 
reduced the average number of touchdowns during non-dominant foot balancing between 
phases one and three (Gymnastics group, t(232) = 2.32, p = .031, d = 0.59. TPE group, t(232) 
= 2.84, p < .01, d = 0.98).   
In the non-dominant foot condition a large difference between groups existed at phase 
one as the Gymnastics group females touched down less compared to the TPE group females 
(t(232) = -2.83. p < .01, d = 1.12). Males in the TPE group reduced the average number of 
touchdowns between phases two and three (t(232) = 2.73, p = .010, d = 1.24) and females in 
the TPE group reduced the average number of touchdowns between phases one and two 
(t(232) = 3.87, p < .001, d = 1.23) and between phases one and three (t(232) = 2.84, p < .01, d 
= 0.97). TPE group females made a larger reduction to the average number of touchdowns 






Figure 5. Average number of touchdowns and 95% confidence intervals during balancing by 
the Gymnastics and TPE groups in the dominant foot condition at each phase.  
 
  
Figure 6. Average number of touchdowns and 95% confidence intervals during balancing by 
the Gymnastics and TPE groups in the non- dominant foot condition at each phase.  
 
Table 9 provides details of t-tests that compared between Gymnastics group males 
and females during the dominant and non-dominant foot balancing conditions. In the 
Gymnastics group, medium and large sized differences between genders existed in the 
dominant and non-dominant foot conditions, respectively, as the females had fewer average 
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touchdowns at each phase compared to males, except when balancing on the dominant foot at 
phase two. A similar trend was seen in the TPE group with a large difference in average 
touchdowns between genders, however this was only at phase two as males touched down 
more compared to their female group members when balancing on the non-dominant foot 
(t(57) = 3.34, p < .001, d = 1.77).  
 
   
Figure 7. Average number of touchdowns made by males and females in the Gymnastics (left 
panel) and TPE (right panel) groups when balancing on the dominant foot at each phase.  
 
Comparisons between feet for the Gymnastics and TPE groups are shown in Figure 
65 and Figure 66, respectively. A large difference between feet was found at phase two as 
children in the TPE group touched down more often in the non-dominant foot condition. 
Large differences between feet existed as TPE group males touched down more on the non-
dominant foot compared to the dominant foot (t(232) = 1.83, p = .048, d =1.11) at phase two, 
but at phase three they touched down more with the dominant compared to the non-dominant 
foot (t(232) = 1.67, p = .048, d = 0.96). Additionally, a large difference between feet in the 
change made between phases two and three by the TPE group males was found (t(232) = 
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2.46, p = .015, d = 1.46). 
 
  
Figure 8. Average number of touchdowns made by males and females in the Gymnastics (left 
panel) and TPE group (right panel) groups when balancing on the non-dominant foot at each 
phase.  
 
Table 9  
Results of one-sided t-tests comparing average touchdowns between genders in the 
Gymnastics group in the dominant and non-dominant foot conditions  
Performance measure Condition  df t-ratio p d 
Average Touchdowns 
Dominant foot 
P1 57 1.76 .042 0.61 
P2 - - n/s - 
P3 57 1.95 .028 0.63 
Non-dominant foot 
P1 57 2.90 < .01 1.15 
P2 57 2.64 < .01 0.87 
P3 57 2.47 < .01 0.96 
Note: Females touched down less at each phase. 
 
3.1.3 – Mediolateral sample entropy. M/L sample entropy was reduced across the 
duration of the study. TPE group females made the largest reductions to M/L sample entropy 
and in both groups the dominant foot generally had a more irregular sway.  
Figure 9 and Figure 10 show the dominant and non-dominant foot M/L sample 
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entropy, respectively, at each phase for the Gymnastics and TPE groups. When balancing on 
the dominant foot the TPE group reduced M/L sample entropy between phases one and three 
(t(936) = 2.52, p = .018, d = 0.88). In non-dominant foot trials the Gymnastics group reduced 
M/L sample entropy between phases one and two and between phases one and three (P1 > 
P2, t(936) = 2.42, p = .023, d = 0.62. P1 > P3, t(936) = 2.44, p = .022, d = 0.62).  
 
  
Figure 9. Mediolateral sample entropy during dominant foot balancing at each phase for the 
Gymnastics and TPE groups.  
 
In the dominant foot condition there were differences in the sizes of the reductions to 
M/L sample entropy made by the TPE group females compared to the Gymnastics group 
females between phases one and two and between phase one and three (∆P1  P2, t(936) = -





Figure 10. Mediolateral sample entropy during non-dominant foot balancing at each phase 
for the Gymnastics and TPE groups.  
 
Differences between feet for males and females in the Gymnastics are shown in 
Figure 71. Gymnastics group females displayed a difference between feet at phase three with 
dominant foot sway being significantly more irregular (P3, t(936) = 3.03, p < .01, d = 1.06). 
The Gymnastics group females made larger reductions to non-dominant foot M/L sample 
entropy compared to the dominant foot between phases one and two (t(936) = 2.68, p < .01, d 
= 0.89) and between phase one and three (t(936) = 3.53, p < .001, d = 1.23). 
3.1.4 – Anterior-posterior sample entropy. A/P sway regularity was reduced across 
the duration of the study. The Gymnastics group made changes to A/P sway regularity and 
the TPE group did not.  
Figure 12 shows that when balancing on the non-dominant foot the Gymnastics group 
made medium and large size significant reductions to A/P sample entropy between phases 
one and two and between phases one and three respectively (P1 > P2, t(936) = 3.29, p < .01, 
d = 0.77. P1 > P3, t(936) = 4.14, p < .001, d = 0.99). In the non-dominant foot condition the 
TPE group reduced A/P sample entropy between phases one and three (t(936) = 2.28, p = 
.034, d = 0.80). In the dominant foot condition the Gymnastics group made a larger reduction 
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to A/P sample entropy between phases two and three compared to the TPE group (t(936) = 
1.72, p =.043, d = 0.49) (see Figure 11). 
 
  
Figure 11. Anterior-posterior sample entropy during dominant foot balancing by the 
Gymnastics and TPE groups at each phase.  
 
  
Figure 12. Anterior-posterior sample entropy during non-dominant foot balancing by the 
Gymnastics and TPE groups at each phase.  
 
In the non-dominant foot condition the reductions made by the Gymnastics group 
73 
 
males between phases one and two and between phases one and three were larger than those 
made by the TPE group males (ΔP1P2, t(936) = 2.10, p = .018, d = 0.97. ΔP1P3, t(936) 
= 1.79, p = .037, d = 0.83) (see Figure 73). 
At phase one, a large difference existed between genders as males in the Gymnastics 
group swayed more irregularly on the dominant and non-dominant feet compared to their 
female group members (Dominant foot, t(936) = 2.82, p < .01, d = 0.98. Non-dominant foot, 
t(936) = 2.59, p < .01, d = 1.03) (see Figure 74). The changes made to dominant and non-
dominant foot sway regularity by Gymnastics group males between phases one and two and 
between phases one and three were larger compared to their female peers (Dominant foot, 
ΔP1P2, t(936) = 3.24, p < .01, d = 1.03. ΔP1P3, t(936) = 2.96, p < .01, d = 0.97. Non-
dominant foot, ΔP1P2, t(936) = 3.41, p < .001, d = 1.12. ΔP1P3, t(936) = 2.91, p < .01, d 
= 0.97).  
3.1.5 – 95% ellipse area. All participants reduced sway area across the duration of 
the study, but larger reductions were made by the Gymnastics group. Females swayed over a 
smaller area compared to males and in both groups sway area was smaller when balancing on 
the dominant foot. Figure 13 shows the gymnastics and TPE group’s sway area during the 
dominant foot condition. When balancing on the dominant foot the Gymnastics group made 
reductions in sway area between phases one and two and between phases one and three 
(P1>P2, t(232) = 4.35, p <.001, d = 1.02. P1>P3, t(936) = 4.31, p <.001, d = 1.03) and the 
TPE group made large and medium sized significant reductions in sway area between phase 
one and three and between phase two and three, respectively (P1>P3, t(936) = 3.19, p < .01, 





Figure 13. Average 95% ellipse area during dominant foot balancing by the Gymnastics and 
TPE groups at each phase.   
 
  
Figure 14.  Average 95% ellipse area during non-dominant foot balancing by the Gymnastics 
and TPE groups at each phase.   
 
  
Figure 14Figure 14 shows the 95% ellipse area during non-dominant foot balancing 
by the Gymnastics and TPE groups. The Gymnastics group made reductions to sway area 
during non-dominant foot balancing between phases one and two (t(936) = 3.30, p < .01, d 
=0.84) and between phases one and three (t(936) = 3.42, p < .01, d = 0.88). The change made 
to non-dominant foot sway area between phases one and two was different between groups 















































(t(936) = 1.96, p < .05, d = 0.57).  
 
 
Figure 15. 95% ellipse area during dominant foot (upper panel) and non-dominant foot 
(lower panel) balancing at each phase for the males and females in the Gymnastics group. 
 
Dominant and non-dominant foot sway area of males and females in the Gymnastics 
and TPE groups are shown in Figure 15 and Figure 16. In the Gymnastics group, the males 
swayed over a larger area when balancing on the dominant or non-dominant foot at phases 
two and three (Dominant foot; P2, t(57) = 2.97, p < .01, d = 0.94, P3, t(57) = 2.58, p < .01, d 
= 0.84. Non-dominant foot; P2, t(57) = 4.37, p < .001, d = 1.44, P3, t(57) = 3.41, p < .001, d 
= 1.13). In the TPE group, when balancing on the dominant foot, males swayed over a 
smaller and then larger area compared to females at phases one and two, respectively (P1, 
t(57) = 2.07, p = .022, d = 1.13. P2, t(57) = 1.68, p .049, d = 0.84). In the TPE group the 





































changes made to dominant foot sway area by males and females were different between all 
phases (ΔP1P2, t(936) = -3.52, p < .001, d = 1.76. ΔP2P3, t(936) = 1.97, p = .024, d = 
0.99. ΔP1P3, t(936) = -2.27, p = .016, d = 1.14). Additionally, in the TPE group larger 
reductions to non-dominant foot sway area were made by females compared to males 
between phases one and two (t(936) = -2.37, p < .01, d =1.26) and between phases one and 




Figure 16. 95% ellipse area during dominant foot (upper panel) and non-dominant foot 
(lower panel) balancing at each phase for the males and females in the TPE group.  
 
3.1.6 – Mediolateral sway velocity. All participants reduced M/L sway velocity 
between phases. Females swayed slower than males and dominant foot sway was faster than 
non-dominant foot sway.  







































Figure 17. Mediolateral velocity during dominant foot balancing by Gymnastics and TPE 
groups.  
 
Figure 17 shows the velocity of M/L sway velocity during balancing on the dominant 
foot by both the gymnastics and TPE groups. The Gymnastics and TPE group made medium 
and large significant reductions, respectively, to M/L sway between phases one and two 
(Gymnastics, t(936) = 2.42, p =.024, d = 0.57. TPE, t(936) = 2.42, p = .024, d = 0.85) and 
between phases one and three (Gymnastics, t(936) = 3.73, p < .001, d = 0.55. TPE, t(936) = 
3.83, p < .01, d = 1.18). The Gymnastics group also made a reduction to dominant foot M/L 
sway between phases two and three (t(936) = 2.23, p = .038, d = 0.84). 
Figure 18 shows that when balancing on the non-dominant foot the Gymnastics group 
made medium sized reductions to M/L sway velocity between phases one and two and 
between phases two and three and a large reduction to M/L sway velocity between phases 
one and three (P1>P2, t(936) = 2.65, p = .012, d = 0.68. P2>P3, t(936) = 2.52, p = .018, d = 
0.59. P1>P3, t(936) = 3.9, p < .001, d = 1.0). The TPE group made large and medium sized 
reductions, respectively, to M/L sway velocity between phases two and three (t(936) = 2.36, 
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p = .028, d = 0.80) and between phases one and three (t(936) = 2.29, p = .033, d = 0.79).  
The Gymnastics group males made a larger reduction to non-dominant foot M/L sway 
velocity between phase one and two compared to the TPE group males (t(936) = 2.11, p = 
.012, d = 1.01) (see Figure 81).  
 
  
Figure 18. Mediolateral velocity during non-dominant foot balancing by Gymnastics and 
TPE groups.  
 
Figure 82 and Figure 83 show the dominant and non-dominant foot M/L sway 
velocity, respectively, of males and females in the Gymnastics group. In the Gymnastics 
group, large and medium sized differences between genders existed as females had a slower 
dominant foot M/L sway velocity compared to males at phases one and two, respectively (P1, 
t(57) = 2.90, p < .01, d = 1.01. P2, t(57) = 1.82, p = .037). In the non-dominant condition, 
medium sized differences between genders were found at phases one and two and a large 
difference between genders was found at phase three as females swayed slower compared to 
males in the Gymnastics group (P1, t(57) = 1.69, p = .048, d = 0.67. P2, t(57) = 1.98, p = 
.026, d = 0.65. P3, t(57) = 2.70, p < .01, d = 0.90). In the TPE group, between phases one and 
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two females made a larger reduction to non-dominant foot M/L sway velocity compared to 
their male group members (t(936) = -1.90, p = .029, d = 1.01) (see Figure 84).  
3.1.7 – Anterior-posterior sway velocity. Participants in both groups reduced A/P 
sway velocity across the duration of the study. Gymnastics group males swayed faster 
compared to their female group members.  
The Gymnastics group made a medium sized reduction to dominant foot A/P sway 
velocity between phases one and two (t(936) = 2.72, p < .01, d = 0.64) and medium and large 
reductions to dominant foot A/P sway velocity were made by the Gymnastics group and TPE 
group, respectively, between phases one and three (Gymnastics, t(936) = 2.80, p < .01, d = 
0.67. TPE, t(936) = 3.24, p < .01, d = 1.12) (see Figure 19). Figure 20. shows the non-
dominant foot A/P sway velocity of the Gymnastics and TPE groups. At phase one there was 
a medium sized difference between groups in non-dominant foot A/P sway velocity as the 
Gymnastics group swayed faster (t(936) = 1.83, p = .037, d = 0.58). The Gymnastics group 
made reductions to non-dominant foot A/P sway velocity between phases one and two (t(936) 
= 3.89, p < .001, d = 0.98) and between phases one and three (t(936) = 3.84, p < .001, d = 
0.98). Between phases one and two and between phases two and three there were medium 
sized, larger reductions to non-dominant foot A/P sway velocity made by the Gymnastics 
group compared to the TPE group (∆P1P2, t(936) = 2.65, p < .01, d =0.78. (∆P2P3, 





Figure 19. Anterior-posterior velocity during dominant foot balancing by the Gymnastics and 
TPE groups.  
 
  
Figure 20. Anterior-posterior velocity during non-dominant foot balancing by the 
Gymnastics and TPE groups.  
 
Figure 21 shows the dominant and Figure 87 shows the non-dominant foot A/P sway 
velocity of males and females in the Gymnastics and TPE groups. The Gymnastics group 
males made larger reductions to dominant foot A/P sway velocity compared to the TPE group 
males between phases one and two (t(936) = 2.45, p = .012, d = 1.04) and between phases 
two and three (t(936) = 1.72, p = .043, d = 0.80). Changes made by Gymnastics group and 
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TPE group males to non-dominant foot A/P sway velocity were different as the Gymnastics 
group males made larger reductions to velocity between phases one and two (t(936) = 2.94, p 
< .01, d = 1.47) and between phase one and three (t(936) = 1.98, p = .024, d = 0.92) and the 
TPE group made a larger reduction between phases two and three (t(936) = 1.79, p = 0.37, d 
= 0.83).   
 
  
Figure 21. Anterior-posterior velocity during dominant foot balancing by males (left panel) 
and females (right panel) in the Gymnastics and TPE groups.  
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3.2 – Discussion – Static Postural Control  
The aim of the first study was to explore whether an educational gymnastics 
programme had any effect on the development of static postural control in young children. 
Specifically, the research focussed on the integrative postural adjustments children made 
when performing a unipedal static balance task. This chapter will: 1) discuss the static 
postural control at each phase of data collection; 2) discuss the changes to postural control 
that children in each group made between phases; 3) compare the results of this study with 
similar studies in the literature. In addressing these aims, dominant and non-dominant 
balancing performance will be considered separately and the influence of gender will also be 
interpreted. Zumbrunn et al. (2011) commented that there is a dearth of experimental studies 
that sensitively investigate children’s unipedal balance (i.e., with the use of force plates).  
Two measures of task performance were obtained concerning static postural control; 
these measures were 1) the percentage of successful trials (i.e., trials when no touchdowns 
were made) and 2) the average number of touchdowns made during trials (excluding 
successful trials). The first performance measure provides a direct measure of how successful 
the children were at unipedal balancing in each of the two conditions (dominant and non-
dominant foot) at each phase. The average number of touchdowns made provides indirect 
information about postural stability. In the discussion below the term “performance” will be 
used to collectively describe the success and average number of touchdowns made. 
The following variables were calculated from successful trials and presented in the 
Results chapter: 1) mediolateral (M/L) and anterior-posterior (A/P) sample entropy (i.e., sway 
regulatory), 2) 95% ellipse area (sway area) and 3) M/L and A/P sway velocity. Performance 
trends during unipedal balancing will be discussed with regards to the control processes used 
by children.  
3.2.1 – Task performance. There were four performance related hypotheses for this 
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study: 1) both the Gymnastics and TPE groups would increase success and decrease 
touchdowns over time or phase; 2) the Gymnastics group would make significantly larger 
performance improvements compared to the TPE group between each phase; 3) girls in each 
group would perform better compared to boys during the balancing task, and; 4) children 
would perform better on the dominant leg. Any changes to performance or kinetic variables 
that did not reach an accepted significance level (p < .05) will only be used as a contrast 
when necessary.  
3.2.1.1 – Effect of educational gymnastics or typical physical education on success 
and within-trial variation. At phase one, the Gymnastics and TPE groups had a similar 
percentage of successful trials and average number of touchdowns. It was predicted that at 
phase two Gymnastics group and the TPE group would show significant improvements in 
balancing performance, further, it was expected that the improvements made by the 
Gymnastics group would be larger than that made by the TPE group.  
The first hypothesis was only partially supported; with data pooled across gender, 
both groups tended to show increased success and reduced touchdowns. However, the only 
time period over which improvements were significant was between phases one and three, 
and as illustrated in Figure 3 and Figure 4 in the unipedal balance task results; the magnitude 
of changes to dominant and non-dominant foot success made by the Gymnastics group were 
large (Cohen’s d = 0.82) and medium (Cohen’s d = 0.74), respectively. The improvement to 
non-dominant foot success made by the TPE group was medium sized (Cohen’s d = 0.78). 
The prediction that the Gymnastics group would make larger improvements to performance 
between phases was not supported by the results. T-tests performed comparing the changes to 
success and within trial variability made by each group between phases revealed no 
significant difference between groups and the effect size of differences between the groups’ 
changes were trivial (see Figure 3, Figure 4, Figure 5 and Figure 6 in the unipedal balance 
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task results).  
It should be acknowledged that the age of children in the present study was within a 
critical period of perceptual-motor development (approximately age 6.5 – 8 years) that is 
characterised by high within-group variability compared to adults (Olivier et al., 2007; Rine 
et al., 1998). After examining the stability scores of participants that completed the sensory 
organisation test, results from Rine et al. (1998) showed the within-group variability (relative 
standard error) for children (aged between 6 – 7.5 years) and adults were 9.9% and 0.8%, 
respectively, when balancing with eyes open. When comparing the peak velocity of reaching 
and grasping behaviour of young children (aged between 6 – 8 years) to that of adults, Olivier 
et al. (2007) showed that the youngest children had more than three times the within group 
variability of adults (18.8% vs 4.7%). In the present study, within group variability of success 
and within-trial variability was comparable to the variability found by Olivier et al and Rine 
et al; across both groups, the average relative standard error for both performance measures 
was between 6 – 26.5%. Indeed, there are signs that the practice of educational gymnastics 
can have positive effects on balancing performance for most children with the Gymnastics 
group showing approximately half the within-group variability in success and average 
touchdowns and narrower 95% confidence intervals compared to the TPE group at phase two 
(see Table 44 and Table 45). Reduction of within-group variability can be seen to be 
important because it shows that the children in the Gymnastics group are making more 
similar improvements to postural control across time as a result of training and natural 
development. Conversely, the more variable responses to typical physical education indicate 
that as a result of the activities practiced by the TPE group, postural control did not develop 
in such a positive way for all children.  
3.2.1.2 – Effect of gender and foot dominance on success and within-trial variation.  
Previously, some researchers have identified gender differences in static balancing (Mickle et 
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al., 2011; Morris et al., 1982; Raudsepp & Pääsuke, 1995), whereas others have not (Figura et 
al., 1991; Junaid & Fellowes, 2006). These previous tests were conducted either just on the 
dominant foot, or with averaged scores from performance of both the dominant or non-
dominant feet.  
The prediction that girls would outperform boys in the balancing task was partially 
supported by the results. In terms of success, Gymnastics group girls were more successful 
than Gymnastics group boys at phase three in the dominant foot condition and at each phase 
in the non-dominant foot condition (see Figure 60 and Figure 61). Additionally, Gymnastics 
group girls had fewer average number of touchdowns in the dominant foot condition at 
phases one and three and in the non-dominant foot condition at each phase (see Figure 7. and 
Figure 8. in the static postural control results section). In the TPE group, significant 
differences between genders were in the dominant foot condition at phase two when girls had 
increased success and lower within-trial variation (see Figure 7. and Figure 8. in the static 
postural control results section). 
The differences between genders seen in the Gymnastics and TPE groups support 
previous research that showed girls tend to perform better in balancing tasks (Mickle et al., 
2011; Morris et al., 1982; Raudsepp & Pääsuke, 1995). Several potential mechanisms may 
exist to explain why young girls perform better in balancing tasks. First, Mickle et al. (2011) 
showed that the vestibular system develops earlier in girls. Second, research into the 
perceived competence and the subjective value children assigned to maths, reading and sports 
tasks, girls were shown to assign more value to tumbling and gymnastics activities compared 
to boys (Eccles et al., 1993; Jacobs et al., 2002). Third, young children may choose to 
participate in an activity that interests them (Wigfield, 1994), as such, girls in the present 
study may have responded more positively to the educational gymnastics activities than boys. 
Finally, Mickle et al. (2011) and Steindl, Kunz, Schrott-Fischer and Scholtz (2006) suggest 
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that lower attention span in young boys may account for reduced postural performance 
compared to young girls.  
Perhaps surprisingly, few studies have investigated how foot dominance influences 
balancing performance. Two studies of interest were Clark and Watkins (1984), who found 
no effect of foot dominance on measured balancing time during balancing on a thin stick (2.5 
cm wide) by 6 – 9 year old children, and Armitage and Larkin (1993) who showed that young 
children aged 5 – 9 had an increased preference (as indicated by increased performance) for 
balancing on one foot more than the other. Additionally, Armitage and Larkin showed that 
performance differences between feet were larger in younger children (aged 5 – 6) compared 
to older children (aged 8 – 9). Given the conflicting results between Armitage and Larkin and 
Clark and Watkins, it may be that the Clark and Watkins task may have been too challenging 
for the children. The effect of foot dominance was examined in the present study and results 
showed that differences between feet were dependent on the way performance was measured. 
Differences between feet in unipedal balancing were identified in the within-trial 
variation of boys. Where differences were identified between feet, performance was best in 
the dominant foot condition, the size of the differences were medium effect size for the 
Gymnastics group boys and small effect size for the TPE group boys and only appeared at 
phase two, i.e., after participation in the educational gymnastics or typical physical education 
activities. 95% confidence intervals were similar for both feet in both groups and relative 
standard error was also similar between legs. The differences found here likely reflect the 
natural differences in performance between feet that children experience as they traverse 
though the critical period of perceptual-motor development. The difference found between 
feet in the Gymnastics group boys at phase two was not present at phase three. In the TPE 
group, increased performance of the dominant and non-dominant foot was present at phase 
two and three, respectively. Given the results of Clark and Watkins (1984) (i.e., no difference 
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between feet) and Armitage and Larkin (1993) (i.e., difference disappearing with age), and 
since the children in the present study were aged between 7 and 8 years old at phases 2 and 3, 
differences between feet will likely be diminishing. The results showing that the Gymnastics 
group had no difference between feet at phase three suggest that educational gymnastics 
training may help to reduce differences in balancing ability between feet. 
Reductions to within-trial variation suggest that this parameter is better able to 
discriminate between legs than success. However, trials that contributed to the within-trial 
variation data set were only those in which children touched down – if children did not touch 
down in any trials their data were not included. Additionally, the relative standard error of 
within-trial variation at each phase of data collection that was typically twice as high as that 
for success. This shows that there was a larger range of within-trial variation for those 
children who did touchdown during a trial compared to those who were relatively stable 
during unipedal balancing. It may be the case that when children of a younger developmental 
age experience a perturbation to balance, they over- or under-correct posture and further 
adjustments are needed to restore balance. More accurate assessments of developmental 
progress in young children may be enhanced by investigating success and within-trial 
variability concurrently.   
Changes to static balancing performance generally supported the hypothesis made, 
but, inter-individual variability (particularly amongst girls) in each group at the beginning of 
the study appears to have influenced task performance. As expected, most children became 
more successful and touched down less over between phases one and three. The changes 
made by each group across the duration of the study were similar but, the gymnastics group 
did perform better than the TPE group on the dominant foot by the end of the study. Gender 
differences were neither clear nor consistent. To explore the changes made by each group in 
more depth, an analysis of kinetic variables follows. How each group and gender changed 
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postural dynamics will be described and linked to changes in performance.   
3.2.3 – Task kinetics  
There were three hypotheses posed in relation to static balance: 1) the Gymnastics 
group would make significantly different changes to sway regularity, area and velocity 
compared to the TPE group between each phase; 2) girls in each group would display 
different movement patterns compared to boys during the balancing task, and; 3) children 
would display different strategies when balancing on the dominant leg compared to the non-
dominant leg. Changes to control of degrees of freedom and system dynamics that each group 
made when balancing are contrasted and described below. Additionally, the associations 
between control strategies and performance are discussed with regards to group and gender. 
3.2.3.1 – Sway regularity. Increased sway regularity results from fewer degrees of 
freedom contributing to system control and vice versa (Newell, 1998). Constraints that are 
known to influence sway regularity are: 1) participants experiencing some form of pathology; 
2) postural threat (including unipedal balancing); 3) expertise (i.e., skill), and; 4) performers 
focussing attention onto posture or assuming more conscious control of postural adjustments 
(Roerdink et al., 2011; Stins et al., 2009; Vaillancourt & Newell, 2002). Participants in the 
present study were free of pathological conditions and demonstrated increased success and 
reduced average number of touchdowns between phases one and three as discussed in the 
previous section. It was expected that both groups of children would make modifications to 
sway regularity following training that would reflect increased ability to balance on one foot. 
Furthermore, it was predicted that the changes made by the Gymnastics group would be 
different to those made by the TPE group. Results revealed several interesting trends. First, 
changes to sway regularity made by both groups were not indicative of increased ability as 
predicted by the postural control – sway regularity model (Newell, 1998) and sway 
adaptations did not always correspond to increases in performance. Second, similar changes 
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to sway regularity were made by each group but significant changes were apparent at the 
different time phases. Third, postural control strategies used during static balancing may be 
different depending on the leg used for balancing and gender.  
Bernstein (1967) suggested that when learning novel tasks performers initially tend to 
freeze degrees of freedom and that with increases in ability, degrees of freedom are freed. 
But, while Bernstein’s (1967) theory has previously received support (Hodges, Hayes, Horn 
& Williams, 2005; Newell & Van Emmerik, 1989; Vereijken, van Emmerik, Whiting & 
Newell, 1992), other authors have been more critical of the general nature of Bernstein’s 
observations (Broderick & Newell, 1999; Ko, Challis & Newell, 2003). The theoretical 
postural control – sway regularity model (see introduction, page 15) (Roerdink et al., 2011) 
postulates a relationship between ability and sway regularity such that increases in ability are 
associated with reductions to sway regularity. For example, during static unipedal balancing, 
the strategy to freeze then free degrees of freedom would result in more regular, then less 
regular sway.  
However, the static balance sway regularity data from the present study does not 
appear to provide strong support for Bernstein’s (1967) observations, nor does previous 
research (see also Deffeyes et al., 2011; Harbourne & Stergiou, 2003). Children in both the 
Gymnastics and TPE groups tended to freeze degrees of freedom across time (see Figure 9, 
Figure 10, Figure 11 and Figure 12 in the static postural control results section). Indeed, 
previous longitudinal research has shown that postural sway becomes more regular as infants 
become more proficient at independent sitting (across three –four months) (Deffeyes et al., 
2011; Harbourne & Stergiou, 2003).  
Interestingly, changes in sway regularity were not necessarily directly associated with 
improvements in balancing performance. The significant increases to sway regularity 
between phases one and two were only made by the Gymnastics group in the non-dominant 
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foot condition and these changes did not correspond to improved success or reduced within 
trial variation. Conversely, the improvement to balancing success between phases and two 
made by the TPE group in the dominant foot condition was not accompanied by significant 
changes to M/L or A/P sway regularity. 
With the Gymnastics groups showing increased performance when balancing on 
either foot and the TPE group increasing non-dominant foot performance between phases one 
and three, which one might have expected after a period of freeing degrees of freedom, 
however, both groups froze degrees of freedom across this time period. As such, the results of 
the present and other studies (Deffeyes et al., 2011; Harbourne & Stergiou, 2003) highlight 
an apparent disparity between the theoretical postural control – sway regularity model 
(Roerdink et al., 2011) that describes how sway regularity changes with expertise. Roerdink 
et al. (2011) however, caution that the model still had yet to be fully tested with regards to the 
effects that aging or other organismic, task or environmental constraints may have on sway 
regularity. These data appear to confirm that the model may have limited generality with 
regards the impact of developmental and training factors. 
One limitation of the present study was the relatively short duration of the training 
intervention. If the study had been conducted over a longer period of time, some freeing of 
degrees of freedom may have been seen, however, had the study been conducted over a 
longer time the effects of training and developmental change become more difficult to 
disentangle. Newell (1998) reported the effect of age on postural sway during upright stance 
and showed that from children aged approximately three years up to the elderly (aged 60 – 
75) an inverted-U pattern in approximate entropy data existed. While standing quietly, 
children swayed more regularly than adults, who swayed more irregularly than the elderly 
(Newell, 1998). Future research may show that when learning a novel task, postural dynamics 
are relatively irregular, then, as increased control is acquired dynamics become more regular 
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and finally as skill is optimised regularity begins to decrease (see Figure 22).  
The present study shows that changes to sway regularity do not necessarily lead to 
changes in performance in young children. The lack of change in the TPE group regularity 
data suggests that they used different strategies compared to the Gymnastics group to 
manifest changes in performance between phases one and two and that those strategies were 
more successful. Rather than freeing or freezing degrees of freedom, the TPE group may 
have modified system dynamics in other ways (such as sway velocity or sway area) to 
manifest a change in performance. 
   
Figure 22. Proposed changes to sample entropy as a function of increases in skill. 
 
The postural control - sway regularity model (see page 15 in the introduction) also 
postulates that increases in regularity indicate greater attention being placed on postural 
control (Roerdink et al., 2011). The experience of the Gymnastics group children affected the 
active postural control demonstrated by the dominant and non-dominant legs differently 
between phases one and two. While data from the present study shows that both groups of 
children did make some changes to sway regularity, the Gymnastics group were able to make 

















it took the TPE group until phase three to make changes to dominant and non-dominant foot 
M/L and A/P sway, respectively. 
The difference in timeframe for significant kinetic changes to be made suggests that 
educational gymnastics activities enabled the Gymnastics group to enhance their perceptual –
motor regulation more quickly compared to the TPE group. It is possible that the Gymnastics 
group children acquired better postural awareness thus improving sensitivity to their own 
perceptual-motor limitations or action boundaries.  
The outcome of the regularity analysis introduced for the first time by this study has 
brought to light two interesting issues that need to be explored in future research. First, the 
longitudinal changes to sway regularity during unipedal balancing need to be explored 
further. There was a lack of evidence of children freeing degrees of freedom as they increased 
their ability between phases one and three in the present study; this may have been because 
the mean age of the children was 7.2 years and this is within a critical period of perceptual-
motor development and variability within each group or sub-group may have disguised any 
changes that may have been present. It may be the case that if children in the present study 
were monitored for longer, they may have begun to free degrees of freedom as a result of 
more efficient postural behaviour. 
3.2.3.2 – 95% Ellipse Area. Changes to sway area may indicate changes to postural 
control and stability (Fitzgerald et al., 1994). Changes to sway area can also result from 
increasing age, training, or changes in environmental conditions (Figura et al., 1991; Riach & 
Hayes, 1987). No significant differences existed between groups at any phase in either 
dominant or non-dominant foot sway area. With respect to the first hypothesis, regardless of 
gender children in the Gymnastics group reduced the sway area of each foot between phases 
one and two and between phases one and three and TPE group and reduced the sway area of 
each foot between phases one and three. The data also partially supported the second 
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hypothesis; where the Gymnastics group made a significantly larger reduction to non-
dominant sway area between phases one and two. However, counter to predictions the TPE 
group made a significantly larger reduction to dominant foot sway area between phases two 
and three. 
The Gymnastics group and TPE group girls supported the hypothesis that participants 
would show advanced postural control strategies across time and trends seen in studies of 
children’s postural control that included unipedal balance tasks (Figura et al., 1991) or quiet 
stance (Riach & Hayes, 1987) where a reduction in sway range occurs with increasing age. 
The change to postural stability of girls in both groups followed similar trends. Girls in both 
groups reduced dominant foot sway area similarly across the duration of the study. However, 
reductions to non-dominant foot sway area were only significant for Gymnastics group girls. 
This is likely because of the more consistent change by the Gymnastics group girls compared 
to the TPE group girls (relative standard error of change P1P2, Gymnastics girls = 28.6%, 
TPE girls = 56.7%).  
However, sway area results from TPE group boys support the findings of Rival et al. 
(2005) and Riach and Starkes (1993) who reported an increase in sway range between the 
ages of six and eight years. The increase in sway range at this age was suggested by Riach 
and Starkes (1993) to be a result of changes to proprioceptive reflexes, vestibular processing 
and a change to a sensory guided control strategy. But, since all children in the present study 
were of a similar age at each phase, the reason why all children except the TPE group boys 
show reductions to sway range between phases one and two is unclear. One reason may be 
that the Gymnastics group children developed strategies to dampen the effect of 
developmental perceptual-motor changes, but this does not account for the reductions shown 
by the TPE group girls. Further comprehensive analyses of gender–related mechanisms that 
influence balance performance are clearly required. 
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It appears that educational gymnastics has the potential to limit potential negative 
effects of entering and progressing through the critical period of perceptual-motor 
development has on postural stability of both boy and female children. Conversely, the trend 
to increase sway area of each foot seen between phases one and two made by TPE group 
boys, while insignificant, suggests that typical physical education programmes may not 
enable young boys to develop strategies that will allow them to minimise the effect of 
developmental changes to postural control. As Table 10 shows, despite being in the critical 
period of perceptual-motor development, the Gymnastics group boys reduced sway area, 
within-group relative standard error and reduced 95% confidence limits. Whereas the TPE 
group boys increased sway area, made smaller reductions to within-group relative standard 
error of mean sway area and 95% confidence intervals and widened non-dominant foot 95% 
confidence intervals.  
 
Table 10  
Relative (%) change between phases one and two to sway area, within-group variability 
(relative standard error) and 95% confidence interval range for boys and girls in the 
Gymnastics and TPE groups  









Gymnastics -17.9 -27.1 -39.8 
TPE 14.1 -13.8 -1.8 
Girls 
Gymnastics -28.7 -27.4 -47.7 




Gymnastics -13.4 -43.3 -51.1 
TPE 18.7 -1.8 15.6 
Girls 
Gymnastics -27.9 -27.6 -47.7 
TPE -19.2 -40.5 -51.6 
Note: * - indicates significant difference between groups in change to sway area. Bold 
italicised type highlights increases to sway area between phases one and two.  
 
With regards to the second hypothesis, that the Gymnastics group would make larger 
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improvements to kinetic variables compared to the TPE group between each phase, an effect 
of gender was seen. Where no difference in the change between phases one and two was seen 
between girls of each group, the respective changes to sway area made by boys in each group 
were significantly different (ΔP1P2, Dominant foot, t(936) = 2.75, p < .01. Non-dominant 
foot, t(936) = 2.17, p = .03). As such, these results show that educational gymnastics and 
typical physical education programmes affect postural development of young boys 
differently. In an examination of the effect of gymnastics on postural development of young 
children, Garcia et al. (2011) showed that young girls aged 5 – 7 who have practiced 
gymnastics demonstrated reduced sway area during bipedal stance, likely related to enhanced 
ability to utilise perceptual motor information. Results of the present study add to these 
findings by demonstrating that educational gymnastics may act as a catalyst for improved 
postural stability in young boys.   
Further, for young boys, educational gymnastics activities may act to limit potential 
negative influence of the critical period of development to postural stability. Previously, 
researchers have suggested potential reasons for gender differences in balancing including 
young boys having reduced attention span and different foot structure (Mickle et al., 2011). 
Additionally, Gidley Larson et al. (2007) reported that regions of the brain important to motor 
development reach maximum size earlier in young girls compared to boys.  
There were conflicting data regarding changes to sway area and performance. While 
the TPE group did make changes between phases one and two to dominant foot balancing 
success, the correlation between sway area and success was not significant at phases one or 
two and the change between phases one and two in correlation between these two variables 
was not significant (Fisher’s z = -0.15, p = 0.56). Additionally, even though data showed that 
the Gymnastics group reduced sway area between phases one and two, they were not able to 
change their overall performance (success or within-trial variation). However, over between 
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phase two and three and between phases one and three, the Gymnastics group’s correlation 
between sway area and success was significant for the non-dominant (r = -0.5, p < .001) and 
dominant foot (r = -0.67, p < .001) at phases two and three, respectively. The correlation 
between sway area and average touchdowns became significant for the non-dominant foot at 
phase two (r =0.37, p = .02) and both feet at phase three (Dominant foot, r = 0.69, p < .001. 
Non-dominant foot, r = 0.28, p = .46).  
These results suggest that reducing sway area may not, in and of itself, be as useful as 
presumed for balance control. Indeed, other variables, like sway regularity and velocity, need 
to be adjusted concurrently with sway area to enable improvements to balancing success. 
This idea will be explored further below. Finally, it may be the case that after a change to 
sway area is made there is a period of adaptation that needs to be endured before increased 
performance is realised. This period of adaptation may include modifying sway regularity or 
velocity to find a new coordination mode for control during balancing, or becoming more 
able to utilise perceptual-motor information effectively. 
3.2.3.3 – Sway velocity. Changes to sway velocity have been proposed to be an 
indication of which mode of control is being utilised primarily to regulate posture (Davids et 
al., 2008; Kirshenbaum et al., 2001). Open-loop processes are characterised by fast, ballistic 
movements that are pre-planned (Davids et al., 2008), and in the case of postural control 
during quiet stance, this would result in high velocity COP sway. In contrast, closed-loop 
control utilises perceptual-motor information to regulate posture (Davids et al., 2008). 
Typically, younger children use quick, ballistic movements of centre of pressure to control 
posture and at around age eight or nine children begin to make slower movements of centre 
of pressure indicating a transition to an integrated open-closed loop mode of control that 
allows for greater accuracy (Kirshenbaum et al., 2001).The results supported the first 
hypothesis. Both groups reduced sway velocity across time, indicating that a change in 
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strategy towards an integrated open and closed loop process was being used to control 
posture.  
The prediction that the Gymnastics group would make a larger change to sway 
velocity between phases was only partially supported by the results. The Gymnastics group 
made significantly larger reductions to non-dominant foot M/L and A/P sway velocity 
between phases one and two compared to the TPE group (M/L, t(936) = 1.79, p = .037. A/P, 
t(936) = 2.65, p <.01) (see Figure 17 and Figure 19 in the static postural control section).  
The difference in the reductions made by each group to non-dominant foot sway 
velocity are likely due to the very high within-group variability in the change made between 
phases one and two by the TPE group (relative standard error, ∆P1—P2 = 622.7%) that 
resulted in the overall group mean change between phases to be negligible. However, Garcia 
et al. (2011) did show a difference in M/L sway velocity between young gymnasts and non-
gymnastics and suggested that even with short periods of training, similar to the present 
study, improved use of sensory information may result from practicing gymnastics. Enhanced 
utilisation of perceptual motor information to control posture typically results in slower sway 
velocity, as was seen in the present study. The TPE group’s physical education activities in 
the present experiment appears to have promoted some children to develop enhanced abilities 
to utilise perceptual-motor information for postural control, but not others. In contrast, the 
utility of the educational gymnastics programme to have a more consistent effect on young 
children is reflected in the narrowing of 95% confidence intervals and reductions to within 
group variability. 
Reductions to sway velocity in static balance with increasing age have been reported 
by Riach and Starkes (1994) and Zumbrunn et al. (2011) supporting the results of the present 
study. But, the static balance results of the gymnastics and TPE groups in the present study 
are somewhat different to those of Kirshenbaum et al. (2001) who found that between the 
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ages of 6.4 and 6.7 years no significant change in A/P COP velocity was found, but a 
significant reduction in A/P COP velocity between the ages of 6.7 and 7.4 years was found.  
Contrary to Kirshenbaum et al. (2001), between the ages of 6.5 and 6.7 years the 
present study’s Gymnastics group did show significant reductions to dominant and non-
dominant foot sway A/P velocity. The TPE group’s A/P sway velocity of both feet showed no 
significant change between phases one and two thus supporting the findings of Kirshenbaum 
et al. (2001). However, the present study extends knowledge about how static postural control 
can change across 3 months by showing that significant changes to M/L sway velocity were 
made by the Gymnastics group (both feet) and the TPE group (dominant foot) during 
balancing.  
In the older age bracket, that is between the ages of 6.7 and 7.2 years, again contrary 
to Kirshenbaum et al. (2001), no significant changes to A/P sway velocity were made by 
either group. But, in the M/L direction, both groups significantly reduced dominant foot sway 
velocity and the Gymnastics group reduced non-dominant foot sway velocity. 
Reasons for the differences between the present study’s result and those of 
Kirshenbaum et al. (2001) include Kirshenbaum et al’s (2001) analysis of A/P sway velocity 
only and the task used by Kirshenbaum et al. (2001) was quiet standing. The quiet standing 
task may have been too simple and may not have challenged the children enough to allow for 
differences in postural control strategies to be detected (Garcia et al., 2011). Additionally, 
since postural control is task dependant (Haddad et al., 2013), some differences in control 
strategy may be observed when comparing static balancing between bi- or unipedal 
conditions. Compared to bipedal balancing, when performing a unipedal balance, control of 
sway in the frontal plane (M/L) is more challenging and postural stability in this plane is 
enabled by musculature controlling hip and pelvic movement (Gribble & Hertel, 2004; Lee & 
Powers, 2014).  
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When the effect of gender was considered, data showed an interaction between gender 
and group in the non-dominant foot condition. At phase one, compared to the TPE group 
boys, the Gymnastics group boys swayed significantly faster on the non-dominant foot and 
faster (but not significantly) on the dominant foot. Boys in the Gymnastics and TPE groups 
reduced and increased non-dominant foot sway velocity (M/L and A/P) between phases one 
and two, respectively. While the change in sway velocity (M/L and A/P) was not significant 
for the TPE group boys, the direction of each group’s change suggests that the practice of 
educational gymnastics has some benefits, especially for children who display less advanced 
postural control strategies. Girls in both groups tended to reduce sway velocity across the 
duration of the study, but each group made foot specific reductions to sway velocity; 
Gymnastics group girls made significant reductions to non-dominant foot sway velocity (M/L 
and A/P), whereas the TPE group girls reduced dominant foot sway velocity (M/L and A/P). 
No differences existed between girls of each group at any phase and the within group 
variability at each phase were similar. 
As young children develop their perceptual-motor processes to inform postural 
control, the speed of postural responses is reduced and accuracy is increased (Kirshenbaum et 
al., 2001), which was apparent in the present study. In terms of the postural control processes 
used in static balance, the Gymnastics group appeared to benefit more from their physical 
education experiences than the TPE group did from theirs. But, since the larger reduction 
made by the Gymnastics group was from a significantly faster sway velocity, these results 
need to be taken with caution.  
3.3 - Summary and Implications – Static Postural Control  
While the varied and challenging postures practiced in educational gymnastics may 
limit any negative effects of traversing through the critical period of perceptual-motor 
development, these activities may also limit improvements to postural control. As such, in 
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children aged 6.5 – 8 years old, some plateauing in the development of postural performance 
may result, as they make changes to postural control strategies to recalibrate, re-organise and 
fine tune the perceptual-motor system towards more advanced task specific postural 
coordination dynamics (Kirshenbaum et al., 2001; van der Heide, Otten, van Eykern & 
Hadders-Algra, 2003).  
On the contrary, it may be the case that typical physical education does not challenge 
the postural control system enough to effect changes to system dynamics, but rather less 
advanced postural control strategies prevail (i.e., coordinative structures) and as such children 
prefer to exploit these more familiar strategies to increase performance. As shown in the 
present data, this may not be beneficial to long term postural development. Results of the 
present study show that children, regardless of the type of physical education they participate 
in, are able to increase their ability to balance on one foot across 9 months. Children in both 
the Gymnastics and TPE group made changes to control of degrees of freedom and postural 
control dynamics. Interestingly, the activities practiced by the Gymnastics group appear to 
have reduced the within-group variability in performance measures and limited potential 
negative effects of progressing into the critical period of perceptual motor development. 
However, the educational gymnastics activities may have also limited improvement between 
phases one and two.  
The sway regularity of the TPE children did not change indicating that the activities in 
the typical physical education programme may not have been challenging enough to stimulate 
modifications to control or regulation of degrees of freedom. The movement experiences 
offered by typical physical education may not have been different to previous movement-
based experiences, as such the TPE group members did not need to develop novel, or more 
complex movement patterns between parts of the body. However, this may have had the 
effect of allowing children in that group to exploit their current perceptual-motor skills for 
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increased performance between phases one and two, that is, they may have become more 
effective at producing more basic movement patterns.  
Over the long term however, it appears that children in the Gymnastics group 
benefited more so from their physical education experiences than the TPE group did from 
theirs. Results were somewhat inconclusive about the differences between genders and were 
group dependent, but this lack of difference may be related to the small size of each group. 
Data was also inconclusive about the difference between feet in terms of balance 
performance and control, but it did appear to show that generally there was no benefit to 
performing on either the dominant or non-dominant leg. 
An anthropometric characteristic that may have influenced the results of the static 
balance task was the effect that maturation and the growth of the children as the study 
progressed. There were no significant differences in the mass, or height between the children 
of each group and there were also no differences between groups in the relative change 
between phases in mass or height of the children. Since children in both groups grew 
similarly, they would have likely experienced similar challenges when going through the 
developmental process of recalibrating their perceptual-motor systems (Austad & van der 
Meer, 2007; Riach & Starkes, 1994; Rine et al., 1998). Finally, overweight or obese children 
are known to have postural stability or balance issues (D'Hondt et al., 2011; McGraw, 
McClenaghan, Williams, Dickerson & Ward, 2000), however, all of the children in the 
present study were within normal BMI range and as such there was likely little, if any, 
influence of body composition on postural stability or balance.  
This study was limited mainly by the sample size of the TPE group. However, 
previous studies of postural control have been conducted with similar or smaller group sizes 
(i.e., the four groups in Olivier et al. (2010) had an average of 7.6 participants, average group 
size in Rine et al. (1998) was 8.5, Rival et al. (2005) had four groups each with 10 members 
102 
 
and the average group size in the study by Zumbrunn et al. (2011) was 13.6). Had this 
group’s size been more similar to those used in the present study, a clearer view of the 
influence the typical physical education programme had on development of static posture 
may have been presented.  
However, within-group variability that existed in both group’s data did potentially 
cloud some findings. Children approximately aged 6.5 are entering a critical phase of 
perceptual motor development that is characterised by relatively high levels of variability 
(Olivier et al., 2007; Rine et al., 1998). At each phase of the study, the Gymnastics group’s 
within-group variability (relative standard error of the mean) for success and within-trial 
variation ranged between 4.7% – 8.8% and 13.2% – 26.3%, respectively. For kinetic 
variables, the Gymnastics group’s range of within-group variability was 2.5 – 6.3%. The TPE 
group’s relative standard error for each dependent variable was between 1.5 and 2 times as 
large as that of the Gymnastics group. Similar results were found for the 95% confidence 
intervals. With relatively high variability in the TPE group, the range of skills within the TPE 
group was also wide and some overlap in confidence intervals likely made differences 
between groups difficult to observe. Additionally, the relative standard error of the mean 
change made between phases was also relatively high for both groups (range of relative 
standard error for all variables, 23% - 2615.7%). Within such large group variability can 
mask actual between phase changes to postural control that result as a part of training, or age, 
or differences that exist due to differences in gender; where some children made very large 
changes improvements to performance or kinetics, others showed large declines. While 
variability between individuals would be expected as each child searched for their own 
solution to the task of balancing on one foot, children were expected to make improvements 
to balance and to make developmental advancements in postural control (i.e., reduce sway 
range and velocity). The results showed that after participating in TPE, the changes made by 
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children were not as consistent as might be expected if improvements to balance and postural 
control were to be made. The wide 95% confidence intervals of the TPE group suggest that 
the activities practiced during physical education classes were not as effective as educational 
gymnastics at enabling children to make improvements to balance and postural control. 
Closer analysis of individual changes made to balance and postural control were outside of 
the limits of the present study. 
Additionally, this study also tested children’s ability to stand on one foot with eyes 
open; one important aspect of postural control is the ability to integrate information from 
multiple sensory sources and more effective sensory integration may be the primary benefit 
of practicing educational gymnastics. The current study’s test conditions do not allow for an 
understanding of the weighting children placed on different sensory systems, it may be the 
case that educational gymnastics activities challenge the vestibular and kinaesthetic systems 
and promote or catalyse the development of a child’s ability to utilise the information 
provided by those systems for the purposes of postural control (Vuillerme, Danion, et al., 
2001; Vuillerme, Teasdale, et al., 2001) .  
Future studies into the effect of educational gymnastics on static posture of young 
children should investigate the effect of balancing with eyes closed. Since balancing with 
eyes closed is a more difficult task, the benefits of gymnastics practice may become clearer 
under more difficult task constraints. If possible, longitudinal tracking of the postural 
development into and then out of the critical period of development may assist researchers to 
confirm the ‘U’ shaped developmental pathway for sway regularity.  
Previously, researchers have predicted a Goldilocks zone, or a zone of optimal 
variability for linearly calculated kinetic and or kinetic variables (Adolph, Cole & Vereijken, 
2014; Stergiou et al., 2006). The potential identification of a sway range within which static 
postural control is most effective may be found in future studies; the ‘Goldilocks’ range 
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hypothesis could be confirmed with an investigation of static balance across a wide age 
range, from young children through to the elderly. Finally, it may be the case that for the 
development of postural control school-based educational gymnastics training is not as 
effective as the more focussed competitive gymnastics training, like that obtained from 
gymnastics clubs; future researchers interested in the development of static postural control 




4.0 – Study Two – Dynamic Postural Control  
4.1 – Results – Dynamic Postural Control  
 
Table 11  
Dynamic postural control summary results table highlighting between group difference and between sex and foot differences in the Gymnastics 




P1 P2 P3 
GYM 
Kick success D>ND D>ND 
D>ND 
(F – D*) 





(B – ND*) 
(D – B>G) 
 
ND* 
(B – ND*) 
D<ND 
ND* 
(B – D*) 




















P1 P2 P3 
GYM 
Sway area D*  
(D – B>G) 







(B – D*) 
(G – D*) 
(B – ND*) 












(G – D*) 
(B – ND*) 
A/P sway velocity  
(B – D*) 
(G – D*) 
(B – ND*) 
(G – D>ND) 
(B – D*) 
(G – ND*) 
(D – B>G) 





(G – D*) 
D* 
ND* 
(B – D*) 
(G – D*) 
(B – ND*) 





Table 12  
Dynamic postural control summary results table highlighting between group difference and between sex and foot differences in the TPE group 




P1 P2 P3 
Kick success D>ND D>ND  
Epoch APA IPA APA IPA APA IPA 
M/L entropy  
ND* 
(B – ND*) 
(B – D>ND) 
 
ND* 
 (B – ND*) 
(G – ND*) 
D>ND 
(B – D>ND) 
ND* 
(B – D*) 
 





















(G – D<ND) 
   
D* 
(G – D<ND) 
D* 
ND* 
(B – D*) 
(G – D*) 





(D – B>G) 
(ND – B<G) 
(B – D>ND)  
D* 
(B – D*) 
(B – D<ND) 
(ND – B>G) 
D* 
(G – D<ND) 
D* 
ND* 
(G – D*) 
(B – D>ND) 




(B – D*) 
(G – D*) 
(B – D>ND) 
(B – D*) 
(G – ND*) 
(B – D>ND) 
D* 
(G – D*) 
D* 
ND* 
(B – D*) 
(G – D*) 
(B – ND*) 
(G – ND*) 





Table 13  
Dynamic postural control summary results table; between phase changes  
Group Dependent Variable P1  P2 P2  P3 P1 P3 
GYM 
Kick success  
D^ 
(F – D^) 
 
Epoch APA IPA APA IPA APA IPA 
M/L entropy 
D↓ 
(B – D^) 
(B – D^) 
D↓ 
(B – D↓) 




(B – D↓) 
(B – ND↓^) 




(B – D↓) 
(B – ND↓^) 
A/P entropy D↓ 
D^ 
(B – D^) 
(G – ND^) 
 
D^ 
(B – D^) 
(G - D^) 
(B – ND^) 
D↓ 
(B – D^) 






(B – ND^)  
ND^ 





(B – D^) 




(B – D^) 
(G – D↓) 
(G – ND↓) 
D↓ 
ND↓ 
(B – ND^) 
ND↓^ 
(G - D↓) 




A/P Sway velocity 
D↓ 
(G – D↓^) 
(G – ND↓) 
D↓^ 
ND↓^ 
(B – D^) 
(G – D↓^) 
(B – ND↓^) 
D↓ 
ND↓ 
(B – D↓) 
(G – D^) 
(B – ND↓) 
(G – ND^) 
D↓^ 
ND^ 
(B – D↓^) 
(G – D^) 
(B – ND↓^) 
D↓ 
ND↓ 
(B – D↓) 
(G – D↓) 
(B – ND↓) 
(G – ND↓) 
D↓^ 
ND↓^ 
(B – D↓) 
(G – D↓) 
(B – ND↓^) 
(G – ND^) 
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Table 13 (continued) 
Group Dependent Variable P1  P2 P2  P3 P1 P3 
TPE 
Kick success  D^%  
Epoch APA IPA APA IPA APA IPA 
M/L entropy (B – D^)  ND↓^ 
ND^ 
(B – ND^) 
ND^ 
ND^ 
(G – ND↓^) 
A/P entropy (G – ND↓) 
D↓^ 
ND↓^ 
(B – D↓^) 




(B – D↑) 
(G - D↑^) 
(B – ND^) 
 (G – ND^) 
Sway area  
D↓ 
(B - D↓) 
D↓ 
ND↓ 
(B – ND↓^)  
D↓ 
ND↓^ 
(G - D↓) 
(G – ND^) 
D↓ 
ND↓ 
(G - ND↓) 
D↓ 
ND↓ 
(B – D↓^) 
(G – D↓) 




(B – D↓^) 
(G – ND↓) 
D↓ 
ND↓ 





(B – D↓) 
A/P sway velocity (G – D^) 
D^ 
ND^ 
(B – D^) 
(G – D^) 
(B – ND↑^) 
(G – ND↓) 
D↓ 
ND↓ 
(B – D↓) 
(B – ND↓^) 
(G – ND↓^) 
D↓^ 
ND↓^ 
(B - D↓^) 
(G – D↓^) 
(B – ND^) 
(G – ND↓) 
D↓ 
ND↓ 
(B – D↓) 
(B – ND↓) 
(G – ND↓) 
D↓^ 
ND^ 
(B – D↓) 
(G – D↓) 
(B – ND↓^) 
(G – ND↓^) 
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4.1.1 – Kick task performance. There were no differences between groups in 
kicking success in the dominant or non-dominant foot conditions at any phase (see Figure 
23). However, in the dominant foot condition, a statistical difference with a small effect size 
was found, as the Gymnastics group made larger improvement to kicking performance 
between phase two and three compared to the TPE group (t(279) = -1.65, p < .05, d = 0.45) 
(see Figure 23).  
 
  
Figure 23. Percentage of successful kicks and 95% confidence intervals for the Gymnastics 
and TPE groups when kicking in the dominant (left panel) and non-dominant foot (right 
panel) conditions.  
 
4.1.2 – Kicking task COP kinetics – anticipatory postural adjustments (APA).  
4.1.2.1 COP sample entropy. Figure 24 shows the dominant and non-dominant foot 
M/L sample entropy during the APA period at each phase for the Gymnastics and TPE 
groups. A difference between groups with a medium effect size was found in non-dominant 
foot M/L sample entropy at phase three (t(57) = 2.14, p = .037, d = .61). No differences in 
APA period A/P sample entropy existed between groups at any phase. Regardless of gender, 
the Gymnastics group made medium effect size reductions to dominant foot M/L sample 
112 
 
entropy between phases two and three (t(1541) = 2.83, p < .01, d = 0.63) and between phase 
one and three (t(1541) = 2.62, p = .013, d = 0.58). The TPE Group made a reduction to non-
dominant foot M/L sample entropy between phases two and three (t(1 541) = 3.37, p < .01, d 
= 1.12).  
At phase three the Gymnastics group males had more irregular M/L sway in the non-
dominant foot condition compared to the TPE males (t(57) = 2.18, p = .017, d = 1.0) (see 
Figure 25). Figure 96 shows that the Gymnastics group males made a larger increase to 
dominant foot A/P sway regularity between phases one and three compared to the TPE group 
males (t(1541) = 1.99, p = .047, d = 0.91). Figure 97 shows that in the non-dominant foot 
condition TPE group males made a reduction to A/P sway regularity between phases one and 
two that was larger than that made by the Gymnastics group males (t(1541) = 1.92, p = .028, 
d = 0.88). 
At phase one, compared to their male group members, TPE group females swayed 
more irregularly (t(57) = -2.09, p = .021, d = 1.06) and made a different change to A/P sway 
regularity between phases one and three (t(1541) = -2.32, p = .021, d = 1.16) as they 
increased and males reduced A/P sway regularity when preparing to kick with the non-
dominant foot. At phase one, compared to their male group members, TPE group females 
swayed more irregularly (t(57) = -2.09, p = .021, d = 1.06). Between phases one and three 
TPE group females tended to increase and males tended to reduce sway regularity leading to 
different changes to A/P sway regularity (t(1541) = -2.32, p = .021, d = 1.16) when preparing 





Figure 24. Mediolateral sample entropy during the APA period of dominant (left panel) and 
non-dominant (right panel) kicking by the Gymnastics and TPE groups.  
 
  
Figure 25. Mediolateral sample entropy during the APA period of non-dominant foot kicking 





Figure 26. Anterior-posterior sample entropy during the APA period of dominant (left panel) 
and non-dominant (right panel) kicking by the Gymnastics and TPE groups.  
 
At phase one males in the Gymnastics group had more irregular dominant foot M/L sway 
compared to the non-dominant foot (t(1541) = 3.13, p < .001, d = 0.95). Additionally, 
Gymnastics group males made different changes to dominant and non-dominant foot M/L 
sway entropy phase one and three with the dominant foot condition sway becoming more 
regular and the non-dominant sway becoming more irregular (t(1541) = 2.96, p < .01, d = 
0.87).  
4.1.2.2 – 95% Ellipse area. Figure 27 shows the dominant and non-dominant foot 
sway area during the APA period of kicking by the Gymnastics and TPE groups. Table 14 
and Table 15 show the results of paired sample t-tests comparing the APA period sway area 
between-phases during the dominant and non-dominant foot conditions, respectively. At 
phases one and three, when kicking with the dominant foot the Gymnastics group swayed 
over a larger area than the TPE group (P1, t(57) = 2.02, p = .024, d = 0.58. P3, t(57) = 1.82, p 
= .037, d = 0.52). In the dominant foot condition, the Gymnastics group reduced sway area 
between all phases, the TPE group reduced sway area between phases two and three and 
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between phase one and three. When kicking with the non-dominant foot, the gymnastics 
group reduced sway area between phases one and two and between phases one and three, 
whereas the TPE group reduced sway area between phases two and three and between phases 
one and three.  
 
  
Figure 27. 95% Ellipse area during the APA period of dominant (left panel) and non-
dominant (right panel) foot kicking by the Gymnastics and TPE groups. 
 
Table 14  
Results of between-phase paired sample t-tests conducted on 95% ellipse area during the 
APA period of dominant foot kicking 
Group Phase df t-ratio p d 
Gymnastics 
P1 – P2 1541 2.33 .030 0.51 
P2 – P3 1541 4.57 < .001 1.02 
P1 – P3 1541 5.16 < .001 1.15 
TPE 
P1 – P2 - - n/s - 
P2 – P3 1541 3.34 < .01 1.08 
P1 – P3 1541 3.24 < .01 1.13 
  
 
Figure 101 and Figure 102 show the APA period 95% ellipse sway area between 
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genders in the Gymnastics and TPE groups, respectively. In the Gymnastics group, males 
swayed over a larger area when preparing to kick with either foot compared to females at 
phase two (Dominant foot, t(57) = 3.02, p < .01, d = 0.94. Non-dominant foot, t(57) = 2.92, p 
<.01, d = 0.90). Females in the Gymnastics group made larger reductions to dominant and 
non-dominant foot sway area between phase two and three compared to their male group 
members (Dominant foot, t(1541) = 4.05, p < .001, d = 1.32. Non-dominant foot, t(1541) = 
2.87, p < .01, d = 0.93). In the TPE group differences in changes to sway area were found as 
females made larger reductions to non-dominant foot sway area between phases one and two 
(t(1541) = -2.07, p = .039, d = 1.04) and males made larger reductions between phases two 
and three group males (t(1541) = 2.00, p = .045, d = 1.00).  
 
Table 15  
Results of between-phase paired sample t-tests conducted on 95% ellipse area during the 
APA period of non-dominant foot kicking 
Group Phase df t-ratio p d 
Gymnastics 
P1 – P2 1541 2.99 < .01 0.66 
P2 – P3 - - n/s  
P1 – P3 1541 3.87 < .001 0.87 
TPE 
P1 – P2 - - n/s  
P2 – P3 1541 2.84 < .001 0.95 
P1 – P3 1541 3.84 < .01 1.28 
  
 
4.1.2.3 – COP sway velocity. Figure 28 and Figure 29 show the APA period M/L and 
A/P sway velocity, respectively, in the dominant and non-dominant foot kicking conditions 
by the Gymnastics and TPE groups. The results of between-phases paired sample one-sided t-
tests comparing APA period M/L sway velocity in the dominant and non-dominant foot 
kicking conditions are shown in in Table 16 and Table 17, respectively. The results of 
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between-phases paired sample one-sided t-tests comparing A/P sway velocity in the dominant 
and non-dominant foot kicking conditions are shown in Table 18 and Table 19, respectively.  
 
  
Figure 28. Mediolateral sway velocity during the APA period of dominant (left panel) and 
non-dominant (right panel) kicking by the Gymnastics and TPE groups.  
 
Table 16  
Results of between-phase paired sample one-sided t-tests conducted on dominant foot 
mediolateral sway velocity during the APA period of kicking 
Group Phase df t-ratio p d 
Gymnastics 
P1 – P2 1541 2.69 < .01 0.59 
P2 – P3 1541 7.42 < .001 1.65 
P1 – P3 1541 8.56 < .001 1.91 
TPE 
P1 – P2 - - n/s  
P2 – P3 1541 6.12 < .001 2.04 
P1 – P3 1541 4.15 < .001 1.40 
  
 
At phase one the Gymnastics group had faster M/L sway compared to the TPE group 
on the dominant (t(57) = 3.36, p < .01, d = 0.97) and non-dominant foot (t(57) = 2.71, p < 
.01, d = 0.62). At phase three the Gymnastics group swayed faster in the M/L and A/P 
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directions compared to the TPE group on the dominant foot (M/L: t(57) = 1.81, p = .038, d = 
0.51. A/P: t(57) = 2.61, p < .01, d = 0.74 ). The Gymnastics group reduced M/L sway 
velocity between each phase when kicking with either foot. The Gymnastics group reduced 
A/P sway velocity between all phases when kicking with the dominant foot and between 
phases two and three and between phases one and three when kicking with the non-dominant 
foot. The TPE group increased dominant foot sway velocity across the short term and 
reduced sway across the medium and long terms and reduced M/L sway velocity between all 
phases when kicking with the non-dominant foot. The TPE group reduced A/P sway velocity 
between phases two and three and between phases one and three when kicking with either the 
dominant or non-dominant foot. The reductions the Gymnastics group made to dominant and 
non-dominant foot sway velocity between phases one and two and between phases one and 
three were larger compared to those made by the TPE group (Dominant foot: ΔP1P2, 
t(1541) = -2.72, p < .01, d = 0.77. ΔP1P3, t(1541) = 1.95, p = .026, d = 0.56. Non-
dominant foot: ΔP1P2, t(1541) = 2.15, p = .016, d = 0.61. ΔP1P3, t(1541) = 1.74, p = 
.041, d = 0.50).   
 
Table 17  
Results of between-phase paired sample one-sided t-tests conducted on non-dominant foot 
mediolateral sway velocity during the APA period of kicking 
Group Phase df t-ratio p d 
Gymnastics 
P1 – P2 1541 3.93 < .001 0.87 
P2 – P3 1541 7.29 < .001 1.62 
P1 – P3 1541 4.35 < .001 0.98 
TPE 
P1 – P2 - - n/s  
P2 – P3 1541 3.19 < .01 1.16 






Figure 29. Anterior-posterior sway velocity during the APA period of dominant (left panel) 
and non-dominant (right panel) kicking by the Gymnastics and TPE groups.. 
 
Table 18 
Results of between-phase paired sample one-sided t-tests conducted on dominant foot 
anterior-posterior sway velocity during the APA period of kicking 
Group Phase df t-ratio p d 
Gymnastics 
P1 – P2 1541 2.25 .036 0.49 
P2 – P3 1541 3.91 < .001 0.87 
P1 – P3 1541 5.51 < .001 1.23 
TPE 
P1 – P2 - - n/s - 
P2 – P3 1541 4.26 < .001 1.42 
P1 – P3 1541 3.28 < .01 1.11 
  
 
APA period M/L sway velocity during dominant and non-dominant foot kicking by 
males and females in each group is shown in Figure 105 and Figure 106. APA period A/P 
sway velocity of males and females at each phase in the dominant and non-dominant foot 
conditions are shown in Figure 30 and Figure 31, respectively. In the dominant foot condition 
Gymnastics group males swayed faster in the M/L direction compared to TPE group males 
(t(57) = 3.68, p < .001, d = 1.69) at phase one. In the dominant foot condition, compared to 
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males in the TPE group, males in the Gymnastics group swayed faster in the A/P direction at 
phase two (t(57) = 2.28, p = .013, d = 1.05) and Gymnastics group females had faster A/P 
sway compared to their TPE group peers at phases one (t(57) = 1.73, p = .044, d = 0.66) and 
three (t(57) = 2.32, p = .012, d = 0.89). Different changes to dominant foot A/P sway velocity 
were made by females of each group with Gymnastics group females making larger 
reductions to A/P sway velocity between phases one and two (ΔP1P2, t(1541) = 2.35, p = 
.019, d = 0.87) and TPE group females making larger reductions between phases two and 
three (ΔP2P3, t(1541) = -3.07, p < .01, d = 1.17).  
In the non-dominant foot condition Gymnastics group males swayed faster in the M/L 
direction at phases one (t(57) = 3.65, p < .001, d = 1.70) and three (t(57) = 1.91, p = .031, d = 
0.88) compared to the TPE group males. While kicking with the non-dominant foot, 
Gymnastics group females swayed faster in the A/P direction at phase two compared to TPE 
group females (t(57) = -2.26, p = .014, d = 0.86). The changes made between phases two and 
three by females in each group to non-dominant foot M/L sway velocity were different 
(t(1541) = -2.71, p < .01, d = 1.36) as the TPE group females reduced A/P sway velocity 
more compared to the Gymnastics group females.  
 
Table 19  
Results of between-phase paired sample one-sided t-tests conducted on non-dominant foot 
anterior-posterior sway velocity during the APA period of kicking 
Group Phase df t-ratio p d 
Gymnastics 
P1 – P2 - - n/s - 
P2 – P3 1541 3.12 < .01 0.69 
P1 – P3 1541 4.01 < .001 0.90 
TPE 
P1 – P2 - - n/s - 
P2 – P3 1541 4.56 < .001 1.52 





Figure 30. Anterior-posterior sway velocity during the APA period of dominant foot kicking 
by males (left panel) females (right panel) in the Gymnastics and TPE groups. 
 
  
Figure 31. Anterior-posterior sway velocity during the APA period of non-dominant foot 
kicking by males (left panel) females (right panel) in the Gymnastics and TPE groups. 
 
Within the TPE group, males swayed slower in the M/L direction on each foot than 
their females peers at phase one (Dominant foot (t(57) = -2.53, p < .01, d =1.29. Non-
dominant foot, t(57) = -2.92, p < .01, d = 1.46). Larger reductions to dominant foot M/L sway 
velocity were made by TPE group females compared to TPE group males between phases 
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one and two and between phases one and three (ΔP1P2, t(1541) = -3.19, p < .01, d = 1.60. 
ΔP1P3, t(1541) = -2.64, p < .01, d = 1.32). Additionally, different changes were made by 
the TPE group males and females to non-dominant foot M/L sway between each phase with 
females making larger reductions between phases one and two and between phases one and 
three (ΔP1P2, t(1541) = -3.85, p < .001, d = 1.93. ΔP1P3, t(1541) = -2.03, p = .042, d = 
1.02) and males made a larger reduction between phases two and three (t(1541) = -2.27, p = 
.023, d = 1.14). 
In the Gymnastics group, differences were found at phase two as males swayed faster 
in the A/P direction in the dominant and non-dominant foot conditions compared to their 
females group members (Dominant foot, t(57) = 3.58, p < .001, d = 1.11. Non-dominant foot, 
t(57) = 4.00, p < .001, d = 1.24). Males and females made larger reductions to dominant and 
non-dominant foot A/P sway velocity, respectively, between phases one and two and between 
phases two and three (Dominant foot, ΔP1P2, t(1541) = -3.03, p < .01, d = 0.94. ΔP2P3, 
t(1541) = 4.63, p < .001, d = 1.51. Non -dominant foot, ΔP1P2, t(1541) = -2.91, p < .01, d 
=1.68. ΔP2P3, t(1541) = 4.08, p < .001, d =1.32). 
When comparing between the dominant and non-dominant feet, the Gymnastics group 
males and TPE group females had medium and large effect size differences between feet, 
respectively, with faster sway on the non-dominant foot at phase three (Gymnastics group 
males, t(1541) = -2.45, p < .01, d = 0.75. TPE group females, t(1541) = 2.33, p = .022, d = 
0.95). Compared to the non-dominant foot, dominant foot sway velocity was reduced more 
by Gymnastics group males and the TPE group females who made medium and large effect 
size, different changes, respectively. (Gymnastics group males, t(1541) = 2.33, p = .020, d = 
0.69. TPE group females, t(1541) = 2.89, p = .022, d = 0.93) (see Figure 107 and Figure 108). 
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4.1.3 – Kick task COP variables – integrative postural adjustments (IPA). 
4.1.3.1 – COP sample entropy.  Figure 32 shows the dominant and non-dominant foot 
M/L sample entropy during kicking by each group. Figure 33 shows the Gymnastics and TPE 
group’s A/P sway regularity at each phase. At phases one and two differences between 
groups were found as the Gymnastics group swayed more irregularly in the M/L direction 
when kicking with the non-dominant foot compared to the TPE group (P1, t(57) = 3.02, p < 
.01, d = 0.86. P2, t(57) = 3.41, p < .001, d = 0.96). Also at phase two, the Gymnastics group 
swayed more irregularly in the A/P direction with medium effect size differences compared 
to the TPE group when kicking with the dominant foot (t(57) = 2.51, p < .01, d = 0.71) and 
the non-dominant foot (t(57) = 1.79, p = .039, d = 0.50).  
The Gymnastics group increased M/L sway regularity in both the dominant and non-
dominant foot conditions between each phase of the study (see Table 20 for the details of 
paired sample t-tests). Changes to dominant foot A/P sway regularity made by the TPE group 
and Gymnastics group between phases one and two and between phases two and three were 
statistically different and large and medium in effect size, respectively, as the TPE group 
increased (P1P2: t(1541) = -4.14, p < .001, d = 1.17) then reduced (P2P3: t(1541) = 
2.67, p < .01, d = 0.76) sway regularity more so than the Gymnastics group. Changes made to 
non-dominant foot A/P sway regularity between phases one and two by each group were 
different (t(1541) = -2.78, p < .01, d = 0.78) as the Gymnastics group reduced and the TPE 
group increased sway regularity. The TPE group increased the A/P sway regularity of both 
feet between phases one and two (Dominant foot, t(1541) = 4.57, p < .001, d = 1.55. Non-
dominant foot, t(57) = 2.31, p = .031, d = 0.77) and decreased the A/P sway regularity of 
both feet between phases two and three (Dominant foot, t(1541) = -3.87, p < .001, d = 1.29. 
Non-dominant foot, t(57) = -2.48, p = .035, d = 0.83). The Gymnastics group made medium 
effect size, larger reductions to non-dominant foot M/L sample entropy compared to the TPE 
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group between phases two and three (t(1541) = 2.76, p < .01, d = 0.79) and between phases 
one and three (t(1541) = 2.53, p = .012, d = 0.72).   
Changes to dominant foot A/P sway regularity made by the TPE group and 
Gymnastics group between phases one and two and between phases two and three were 
statistically different and large and medium in effect size, respectively, as the TPE group 
increased (P1P2: t(1541) = -4.14, p < .001, d = 1.17) then reduced (P2P3: t(1541) = 
2.67, p < .01, d = 0.76) sway regularity more so than the Gymnastics group. Changes made to 
non-dominant foot A/P sway regularity between phases one and two by each group were 
different (t(1541) = -2.78, p < .01, d = 0.78) as the Gymnastics group reduced and the TPE 
group increased sway regularity.  
 
Table 20  
Results of between-phase paired sample one-sided t-tests conducted on the Gymnastics 
group’s dominant and non-dominant foot mediolateral sample entropy during the IPA period 
of kicking 
Foot Phase df t-ratio p d 
Dominant 
P1 – P2 1541 2.32 .030 0.51 
P2 – P3 1541 3.61 < .001 0.80 
P1 – P3 1541 5.34 < .001 1.19 
Non-
dominant 
P1 – P2 1541 - ns - 
P2 – P3 1541 6.43 < .001 1.43 






Figure 32. Mediolateral sample entropy during the IPA period of dominant (left panel) and 
non-dominant (right panel) kicking by the Gymnastics and TPE groups. 
 
  
Figure 33. Anterior-posterior sample entropy during the IPA period of dominant (left panel) 
and non-dominant (right panel) kicking by the Gymnastics and TPE groups. 
 
Figure 34 and Figure 35 show the dominant and non-dominant foot M/L sample 
entropy, respectively, during kicking by males and females in each group. Gymnastics and 
TPE group’s male and female dominant and non-dominant foot A/P sway regularity at each 
phase are shown in Figure 36 and Figure 37, respectively. At phase one, when kicking with 
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the dominant foot Gymnastics group males swayed more regularly compared to TPE group 
males (t(57) = -1.86, p = .034, d = 0.86). In the non-dominant foot condition, differences 
between groups were found as males in the Gymnastics group swayed more irregularly in the 
M/L compared to the TPE group males at phase one (t(57) = 3.73, p < .001, d = 1.73) and in 
the M/L (t(57) = 2.87, p < .01, d = 1.32) and A/P (t(57) = 1.74, p = .043, d = 0.80) directions 
phase two. 
  
Figure 34. Mediolateral sample entropy during the IPA period of dominant foot kicking by 
males (left panel) and females (right panel) in the Gymnastics and TPE groups. 
 
At phase two, a difference between groups was found as the Gymnastics group males 
swayed more irregularly in the A/P direction compared to the TPE group males when kicking 
with the dominant foot (t(57) = 2.78, p < .01, d = 1.27). Compared to their TPE group male 
peers males in the Gymnastics group made larger reductions to non-dominant foot M/L 
sample entropy between phases two and three (t(1541) = 3.07, p < .01, d = 1.41) and 
between phases one and three (t(1541) = 3.88, p < .001, d = 1.78). Between phases one and 
two, males in the TPE group increased A/P sway regularity when kicking with the dominant 
foot (t(1541) = 4.10, p < .001, d = 0.81). In the dominant foot condition, differences between 
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groups were found as changes made between each phase by the TPE group males were larger 
compared to the Gymnastic group males, and the changes made between phases two and 
three by TPE group females were also larger than the changes made by their female peers in 
the Gymnastics group (see Table 21 for details). In the non-dominant foot condition, the 
changes made by TPE group females between phase one and two and between phases one 
and three were large than Gymnastics group females and the TPE group males change to A/P 
sway regularity between phases two and three was larger than the Gymnastics group males 
(see Table 21 for details).  
 
Table 21  
Results of paired sample one-sided t-tests comparing the change made to anterior-posterior 
sway sample entropy between-phases by males and females in each group during the IPA 
period of non-dominant foot kicking 
Gender Foot Phase df t-ratio p d 
Males 
Dominant 
ΔP1 – P2 1541 -4.61 < .001 2.11 
ΔP2 – P3 1541 2.72 .023 1.25 
ΔP1 – P3 1541 -2.19 .029 1.00 
Non-
dominant 
ΔP1 – P2 - - n/s  
ΔP2 – P3 1541 2.00 .045 0.92 
ΔP1 – P3 - - n/s  
Females 
Dominant 
ΔP1 – P2 - - n/s  
ΔP2 – P3 - - n/s  
ΔP1 – P3 - - n/s  
Non-
dominant 
ΔP1 – P2 1541 -2.36 .019 0.90 
ΔP2 – P3 - - n/s  






Figure 35. Mediolateral sample entropy during the IPA period of non-dominant foot kicking 
by males (left panel) and females (right panel) in the Gymnastics and TPE groups. 
 
  
Figure 36. Anterior-posterior sample entropy during the IPA period of dominant foot kicking 





Figure 37. Anterior-posterior sample entropy during the IPA period of non-dominant foot 
kicking by males (left panel) and females (right panel) in the Gymnastics and TPE groups. 
 
Compared to their female group members, the Gymnastics group males swayed more 
regularly on the non-dominant foot when kicking at phase one (t(1541) = 3.34, p < .01, d = 
1.06). In the dominant foot condition, Gymnastics group males made larger reductions M/L 
sway entropy between phases two and three (t(1541) = 3.26, p < .01, d = 1.06) compared to 
their female group members. Between phases one and three, compared to females, males 
made larger reductions to M/L sway entropy in the dominant foot(t(1541) = 2.62, p < .01, d = 
0.85) and non-dominant foot(1541) = 3.89, p < .001, d = 1.27) conditions. Figure 111 shows 
the dominant and non-dominant foot M/L sample entropy at each phase for Gymnastics and 
TPE groups. At phase two, a large difference between feet was seen as the TPE group swayed 
more regularly in the M/L direction on the non-dominant foot compared to the dominant foot 
(t(1541) = 2.47, p < .01, d = 0.82). Gymnastics group females swayed more irregularly on the 
dominant foot compared to the non-dominant foot at phase one (t(1541) = 2.74, p < .01, d = 
0.89), 
Figure 112 shows dominant and non-dominant foot M/L sample entropy of males and 
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females in the TPE group. At phase one and phase two, a difference between feet was found 
as males in the TPE group swayed more regularly on the non-dominant foot compared to the 
dominant foot when kicking (P1, t(1541) = 1.89, p = .030, d = 1.09. P2, t(1541) = 2.67, p < 
.01, d = 1.54). Compared to the on-dominant foot, the TPE group as males swayed more 
irregularly on the dominant foot at phase one (t(1541) = 2.38, p < .01, d = 1.37) and TPE 
group females swayed more irregularly on the dominant foot at phase three (t(1541) = 2.01, p 
= .022, d = 0.82).  
4.1.3.2 – 95% Ellipse area.  Figure 38 shows the Gymnastics and TPE group’s sway 
area at each stage. At phase three when kicking with the dominant or non-dominant foot the 
Gymnastics group swayed over a larger area compared to the TPE group (Dominant foot, 
t(57) = 3.90, p < .001, d = 1.11. Non-dominant foot, t(57) = 3.03, p < .01, d = 0.86). In the 
dominant foot condition, the TPE group reduced sway area between each phase (P1P2, 
t(1541) = 2.43, p = .023, d = . 0.82. P2P3, t(1541) = 2.92, p < .01, d = 0.97. P1P3, 
t(1541) = 4.57, p < .001, d = 1.55). The Gymnastics group reduced dominant foot sway area 
with medium effect size differences found between phases one and three (t(1541) = 2.18, p = 
.043, d = 0.49). In the non-dominant foot condition, the TPE group reduced sway area 
between phases two and three (t(1541) = 2.58, p = .015, d = 0.86) and between phases one 
and three (t(1541) = 2.52, p = .036, d = 0.84). The reduction to non-dominant foot sway area 
made by the TPE group between phases two and three was larger than that made by the 





Figure 38. 95% Ellipse area during the IPA period of kicking with the dominant (left panel) 
and non-dominant foot (right panel) by the Gymnastics and TPE groups. 
 
Figure 39 and Figure 40 show the dominant and non-dominant foot sway area, 
respectively, for males and females in each group. At phase three when kicking with either 
foot, the Gymnastics group males and females swayed over a larger area compared to their 
TPE group peers (Dominant foot: Males, t(1541) = 2.69, p < .01, d = 1.23. Females, t(1541) 
= 2.85, p < .01, d = 1.09. Non-dominant foot: Males, t(1541) = 2.17, p = .034, , d = 1.00. 
Females, t(1541) = 2.13, p = .017, d = 0.81). The reduction to dominant foot sway area made 
by TPE group males between phases one and three was larger than that made by the 





Figure 39. 95% Ellipse area during the IPA period of dominant foot kicking by the males 
(left panel) and females (right panel) in the Gymnastics and TPE groups. 
 
  
Figure 40. 95% Ellipse area during the IPA period of non-dominant foot kicking by the males 
(left panel) and females (right panel) in the Gymnastics and TPE groups. 
 
When looking into the effect of gender, when kicking with the dominant foot males in 
the TPE group swayed over a larger area compared to their female peers at phase one (t(57) = 
1.86, p = .034, d = 0.94) and the change made to by the TPE group males to dominant foot 
sway area between phases one and three was different to that made by their females group 
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members (t1541) = 2.04, p = .041, d = 1.02).  
When comparing between feet, the TPE group males swayed over a larger area when 
kicking with the dominant foot compared to the non-dominant foot at phase one (t(1541) = 
2.62, p < .01, d = 1.51). 
4.1.3.3 – COP sway velocity. Figure 41 shows the mediolateral sway velocity of the 
Gymnastics and TPE groups in the dominant and non-dominant foot conditions. At phase 
two, the Gymnastics group swayed faster than the TPE group in the dominant foot condition 
(t(1541) = 1.75, p = .042, d = 0.49) and at phase three the Gymnastics group swayed faster 
than the TPE group in both the dominant (t(1541) = 2.58, p < .01, d = 0.74) and non-
dominant (t(1541) = 3.25, p = < .01, d = 0.93) conditions. The TPE group made reductions to 
dominant foot M/L sway velocity between phases one and two (t(1541) = 3.86, p < .001, d = 
1.31) and reductions to dominant and non-dominant foot M/L sway velocity between phases 
one and three (Dominant foot: t(1541) = 3.21, p < .01, d = 1.09. Non-dominant foot: t(1541) 
= 3.27, p < .01). In the non-dominant foot condition, the gymnastics group made a reduction 
and an increase to M/L sway velocity between phase one and two (t(1541) = 2.16, p = .046, d 
= 0.48) and between phases two and three (t(1541) = -2.30, p = .032, d = 0.51), respectively. 
The increase to non-dominant foot M/L sway velocity made by the Gymnastics group led to 
different changes to M/L sway velocity being made by each group between phases two and 





Figure 41. Mediolateral sway velocity during the IPA period of dominant (left panel) and 
non-dominant (right panel) kicking by the Gymnastics and TPE groups. 
 
  
Figure 42. Anterior-posterior sway velocity during the IPA period of dominant (left panel) 
and non-dominant (right panel) kicking by the Gymnastics and TPE groups. 
 
Figure 42 shows the A/P sway velocity during dominant and non-dominant foot 
kicking by the Gymnastics and TPE groups and Table 22 shows the results of t-tests 
comparing the A/P sway velocity between phases at each stage. At phases one and three the 
Gymnastics group swayed faster than the TPE group when kicking with the dominant and 
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non-dominant foot (Dominant foot: P1, t(1541) = 3.45, p < .01, d = 1.00. P3, t(1541) = 3.37, 
p < .001, d = 0.96. Non-dominant foot: P1, t(1541) = 2.60, p = .012, d = 0.74. P3, t(1541) = 
4.07, p < .001, d = 1.16). Reductions to dominant foot A/P sway velocity between each phase 
were made by the Gymnastics group and the TPE group reduced A/P sway velocity between 
phases two and three and between phases one and three. In the non-dominant foot condition, 
the Gymnastics group reduced A/P sway velocity between phases one and two and between 
phases one and three, the TPE group reduced A/P sway velocity between phases two and 
three and between phases one and three. Different changes between groups were made to 
dominant and non-dominant foot A/P sway velocity as between phases one and two the 
Gymnastics group made larger reductions and between phases two and three the TPE group 
made larger reductions (Dominant foot, ΔP1P2, t(1541) = 3.90, p < .001, d = 1.10. 
ΔP2P3, t(1541) = -4.32, p < .001, d = 1.23. Non-dominant foot, ΔP1P2, t(1541) = 2.52, 
p = .012, d = 0.71. ΔP2P3, t(1541) = -4.55, p < .001, d = 1.30).  
 
Table 22 
Results of between-phase paired sample t-tests conducted on anterior-posterior sway velocity 
during the IPA period of dominant and non-dominant foot kicking 
Group Foot Phase df t-ratio p d 
Gymnastics 
Dominant 
P1 – P2 1541 4.68 < .001 1.03 
P2 – P3 1541 4.45 < .001 0.99 
P1 – P3 1541 7.21 < .001 1.61 
Non-
dominant 
P1 – P2 1541 2.90 <.01 0.64 
P2 – P3 - - n/s  
P1 – P3 1541 3.91 < .001 0.88 
TPE 
Dominant 
P1 – P2 - - n/s  
P2 – P3 1541 8.63 < .001 2.88 
P1 – P3 1541 6.55 < .001 2.22 
Non-
dominant 
P1 – P2 - - n/s  
P2 – P3 1541 6.99 < .001 2.33 






Figure 43. Mediolateral sway velocity during the IPA period of dominant foot kicking by 
males (left panel) and females (right panel) in the Gymnastics and TPE groups.  
 
  
Figure 44. Mediolateral sway velocity during the IPA period of non-dominant foot kicking 
by males (left panel) and females (right panel) in the Gymnastics and TPE groups.  
 
  
Figure 43.Figure 43 and Figure 44 show the M/L sway velocity for males and females 
in the Gymnastics and TPE groups. Gymnastics group females swayed faster in the M/L 
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direction the dominant foot condition than TPE group females at phase three (t(1541) = 2.11, 
p = .020, d = 0.81). Males in the Gymnastics group swayed faster in the M/L direction than 
the TPE group males in the dominant foot condition at phase two (t(57) = 2.06, p = .022, d = 
0.94) non-dominant foot condition at phase three (t(1541) = 2.93, p < .01, d = 1.34). TPE 
group males made reductions to dominant foot M/L sway velocity between phases one and 
two (t(1541) = 4.16, p < .001, d = 0.84) The reduction made to dominant foot M/L sway 
velocity by TPE group males between phases one and two was larger than those made by the 
Gymnastics group males (t(1541) = -1.78, p = .038, d = 0.82).  
 
  
Figure 45. Anterior-posterior sway velocity during the IPA period of dominant foot kicking 
by males (left panel) and females (right panel) in the Gymnastics and TPE groups. 
 
Table 58 and Table 59 in show details of t-tests comparing A/P sway velocity 
between phases in the dominant and non-dominant foot conditions, respectively, for males 
and females in each group. In the dominant foot condition, Gymnastics group females 
reduced A/P sway velocity between phase one and three and males in the TPE group reduced 
sway velocity between phases two and three and between phases one and three. In the non-
138 
 




Figure 46. Anterior-posterior sway velocity during the IPA period of non-dominant foot 
kicking by males (left panel) and females (right panel) in the Gymnastics and TPE groups.  
 
In the dominant foot condition (see Figure 45), males and females in the Gymnastics 
group swayed faster in the A/P direction compared to the TPE group males and females, 
respectively, at phases one (Males, t(57) = 1.81, p = .038, d = 0.83. Females, t(57) = 3.01, p < 
.01, d = 1.14) and three (Males, t(57) = 2.17, p = .017, d = 1.00. Females, t(57) = 2.65, p < 
.01, d = 1.01). In the non-dominant condition (see Figure 46), males in the Gymnastics group 
swayed faster in the A/P direction than the TPE group males at phases one (t(57) = 4.11, p < 
.001, d = 1.90) and three (t(57) = 2.55, p < .01, d = 1.17) and Gymnastics group females 
swayed faster at phase three compared to the TPE group females (t(57) = 3.29, p < .001, d = 
1.26). Compared to the TPE group males and females, the Gymnastics group males and 
females made larger reductions to dominant foot A/P sway velocity between phases one and 
two (Males, t(1541) = 2.64, p < .01, d = 1.21. Females, t(1541) = 2.88, p < .01, d = 1.06) and 
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between phases two and three (Males, t(1541) = -3.47, p < .001, d = 1.59. Females, t(1541) = 
-2.60, p < .01, d = 1.19). In the non-dominant foot condition, the changes made between each 
phase by the Gymnastics and TPE group males were different as Gymnastics group males 
made larger reductions to sway velocity between phase phases one and two (t(1541) = 4.94, p 
< .001, d = 2.26) and between phase one and three (t(1541) = -3.44, p < .001, d = 0.98) but 
the TPE group made larger reductions between phase two and three (t(1541) = 2.63, p < .01, 
d = 1.21). Different changes to non-dominant foot A/P sway velocity were made between 
groups as the TPE group girls made a larger reduction to sway velocity between phases two 
and three (t(1541) = -2.98, p < .01, d = 0.85) and the Gymnastics group girls made a larger 
reduction between phases one and three (t(1541) = -2.37, p = .018, d = 0.91).   
Figure 113 shows the dominant and non-dominant foot M/L sway velocity between 
males and females in the TPE group. At phase one, in the M/L direction TPE group males 
swayed faster than females on the dominant (t(57) = 2.77, p < .01, d = 1.41) and slower on 
the non-dominant foot (t(57) =-2.19, p = .016, d = 1.10), respectively. TPE females swayed 
faster in the A/P direction than males when kicking with the dominant foot at phase one 
(t(57) = -2.99, p < .01, d = 1.52). At phase two TPE group males swayed faster than females 
in the A/P direction when kicking with the dominant foot (t(57) = 1.81, p = .038, d = 0.91). 
Compared to their male group mates, TPE group females made larger reductions to 
dominant foot M/L sway velocity between phases one and two (t(1541) = 2.97, p < .01, d = 
1.49) and between phases one and three (t(1541) = 2.40, p < .01, d = 1.20). In the non-
dominant foot condition TPE females made a larger reduction to M/L sway velocity 
compared to their male group mates between phases one and two ((t(1541) = -3.63, p < .001, 
d = 1.82), but between phases two and three males made a larger reduction to M/L sway 
velocity than their females group members ((t(1541) = 3.19, p < .01, d = 1.60). 
Gymnastics group males and females made different changes to dominant foot A/P 
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sway velocity between phases one and two (t(1541) = 2.30, p = .011, d = 0.70) and between 
phases two and three (t(1541) = 3.72, p < .001, d = 1.21) with males making a larger 
reduction to sway velocity. When kicking the dominant foot, the TPE group males and 
females made different changes to A/P sway velocity between phases one and two (t(1541) = 




Figure 47. Mediolateral sway velocity during the IPA period of dominant foot and non-
dominant foot kicking by the males (left panel) and females (right panel) in the TPE group.  
 
In the non-dominant foot condition Gymnastics group males and females made 
different changes between phases two and three as males made a larger reduction to A/P 
sway velocity (t(1541) = 2.14, p = .016, d = 0.70). TPE group males made a larger increase 
and decrease to non-dominant foot A/P sway velocity between phases one and two and 
between phases two and three, respectively, and females made a larger reduction to sway 
velocity between phases one and three (ΔP1P2, t(1541) = -4.91, p < .001, d = 2.46. 
ΔP2P3, t(1541) = 2.89, p = .022, d = 1.45. ΔP1P3, t(1541) = -3.61, p < .001, d = 1.81). 
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Figure 47 shows dominant and non-dominant foot M/L sway velocity for the TPE 
group. In the dominant foot condition at phases one and three of the study TPE group males 
swayed faster compared to the non-dominant foot condition (P1, t(1541) = 3.36, p < .001, d = 
1.94. P3, t(1541) = 1.67, p = .048, d = 0.96) but slower compared to the non-dominant foot 
condition at phase two (t(1541) = -2.34, p < .01, d = 1.35). In the TPE group, between phase 
one and two males and females made a larger change to non-dominant foot M/L sway 
velocity compared to the dominant foot M/L sway velocity (Males, t(1541) = 4.01, p < .001, 
d = 2.37. Females, t(1541) = -2.42, p < .01, d = 0.99) as were the changes made by males 
between phases two and three (t(1541) = -2.92, p < .01, d = 1.69). 
Figure 115 and Figure 116 show dominant and non-dominant foot A/P sway velocity, 
respectively, for the Gymnastics and TPE groups. In the Gymnastics group, at phase one, 
females swayed faster on the dominant foot than the non-dominant foot (t(1541) = 2.47, p < 
.01, d = 0.80). In the TPE group, males swayed faster on the dominant foot compared to the 
non-dominant foot at phases one (t(1541) = 4.33, p < .001, d = 2.50) and two (t(1541) = 1.96, 
p = .025, d = 1.13). The increase to non-dominant foot A/P sway velocity made by TPE 
group males between phases one and two was larger than that made to dominant foot sway 
velocity (t(1541) = 1.68, p = .047, d = 0.97) and the reduction to A/P sway velocity made by 
TPE group males between phases one and three was larger than that made to dominant foot 




4.2 – Discussion - Dynamic Postural Control  
The second study in the present research investigated the effect of educational 
gymnastics and typical physical education on postural control during a dynamic, unipedal 
movement task (i.e., kicking a soccer ball at a target). There is a dearth of research examining 
COP (or variables derived from COP) during kicking performance. Chew-Bullock et al. 
(2007) examined static and dynamic postural stability and the relationship these postural 
characteristics had on kick velocity and accuracy. Also Chew-Bullock et al. (2012) correlated 
single leg balance with kicking accuracy and velocity, but neither of these studies 
investigated postural control during kicking. Lees, Asai, Andersen, Nunome and Sterzing 
(2010) reviewed the biomechanics literature that investigated kicking in soccer but no studies 
reviewed investigated centre of pressure during kicking.  
Differences in young children’s object control skills between genders are well 
documented (Hume et al., 2008; Junaid & Fellowes, 2006; Raudsepp & Pääsuke, 1995; van 
Beurden et al., 2003). However, Butterfield and Loovis (1994) found no difference in kicking 
kinetics between genders in children under 11 years old. Investigations of young children’s 
kicking accuracy by Matvienko and Ahrabi-Fard (2010) and Poole, Mathias and Stratton 
(1996) did not consider the effect of gender, therefore comparisons between genders are 
made in this chapter. Finally, Armitage and Larkin (1993) stressed the complexity of foot 
preference and functional asymmetries related to task demands and as such, comparisons will 
also be made between the dominant and non-dominant feet.  
It was predicted that both groups would improve kicking performance across the 
duration of the study, and that the improvement made to kicking performance would be larger 
in the Gymnastics group (see Introduction). It was also predicted that males would perform 
better compared to females and kicking would be performed more successfully in the 
dominant foot condition.  
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The following section describes the performance of children kicking a soccer ball at a 
target and the anticipatory postural adjustments (APA) and integrative postural adjustments 
(IPA) made during performance of this task. For the purposes of this section, comparisons 
and contrasts of kicking performance and APA and IPA strategies between groups, phases, 
genders and limbs will be made to elucidate the effects of educational gymnastics or typical 
physical education on the dynamic postural control of young children.  
4.2.1 – Task performance. The kicking task proved to be very challenging for the 
children of both groups. With results collapsed across gender, contrary to predictions, no 
significant differences existed between groups at any phase of the study when kick results 
were collapsed between feet or in the dominant or non-dominant foot conditions. When 
taking gender into consideration the only difference between groups was found at phase three 
when the Gymnastics group females outperformed their TPE group peers kicking with the 
dominant foot. Within each group, contrary to predictions males did not perform significantly 
better than females. The hypothesis that children would perform better with the dominant foot 
compared to the non-dominant foot was supported by the Gymnastics group’s results at each 
stage, but only at phases one and two for the TPE group. Looking more closely, only males in 
each group performed better on the dominant foot compared to the non-dominant foot at 
phase two. 
The hypothesis that improvement to kicking performance would be seen across the 
duration of the study can be rejected in most cases. However, in the dominant foot condition 
a significantly larger change between phases two and three was made by the Gymnastics 
group compared to the TPE group and this was led by a significantly larger change between 
phases two and three made by Gymnastics group females compared to their TPE group peers.  
Possible reasons for the general lack of significant improvement made by groups as a 
whole and by sub-groups of males and females in the two groups include the variability 
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within each group and sub-group’s performance and the nature of the task. Previous 
investigations into children’s kicking accuracy revealed within group coefficient of variations 
ranging from 73.5 – 140% (age range of participants ~5 – 7) (Matvienko & Ahrabi-Fard, 
2010) and 10.1 – 38.1% (8 – 10) (Poole et al., 1996), as such the standard error data of the 
present study are relatively low (see Table 23). Similar trends (i.e., reductions) across time in 
coefficient of variation data were seen in Matvienko and Ahrabi-Fard (2010), Poole et al. 
(1996) and the present study’s data (see Table 23).  
 
Table 23 
Gymnastics and TPE group’s relative standard error (%) of dominant and non-dominant 
kicking success at each phase.  
Group Foot Phase one Phase two Phase three 
Gymnastics 
Dominant 11.5 9.8 10.2 
Non-dominant 16.7 14. 1 13.8 
TPE 
Dominant 15.1 13.7 14.5 
Non-dominant 22.7 20.9 13.4 
 
 
However, an investigation into the average size of the change to success between 
phases in the present study reveals large variability (see Table 24, Figure 48 and Figure 49). 
Between phases one and two, the estimated average changes made by each group, or by the 
males and females in each group, was smaller than the standard error of that change (see 
Table 24). Generally, the variability in the changes made by the Gymnastics group (or by the 
male and female members) was three times as large as the TPE group (or its male and female 
members). The results showed that while some children made relatively large improvements, 
others performed worse across time. Such large variability in the size of the changes made 
between phases by children in each group highlights the variability in motor behaviour of 
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children within the critical period of perceptual-motor development (Olivier et al., 2007; Rine 
et al., 1998). As such, the high variability may mask real improvements to kick performance 
made by the groups. Between phases one and two, it appears that typical physical education 
activities may enable more consistent changes to kicking performance compared to 
educational gymnastics.  
 
Table 24 
Gymnastics and TPE group’s relative standard error (%) of the between-phase changes to 
dominant and non-dominant foot kicking success. 
Group Foot  ΔP1P2 ΔP2P3 ΔP1P3 
Gymnastics 
Dominant 
Group 300.3 102 81.2 
Males 335 257.5 141.8 
Females 570.8 106.5 99.1 
Non-dominant 
Group 408.1 98.3 84.3 
Males 460.7 87.6 73.5 
Females 761.2 247.9 206.7 
TPE 
Dominant 
Group 90.8 -75.1 -492.9 
Males 98.4 -247.5 139.7 
Females 203.3 -56.3 -91.4 
Non-dominant 
Group 143.8 90.6 50.7 
Males 429.7 72.8 51.9 
Females 121.3 -1753.8 123.9 





Figure 48. 95% confidence intervals and estimated mean between-phases change to kicking 
success in the dominant foot condition Note: Positive values indicate increased success 
between phases.  
 
  
Figure 49. 95% confidence intervals and estimated mean between-phases change to kicking 
success in the non-dominant foot condition. Note: Positive values indicate increased success 
between phases. 
 
However, between phases two and three, the Gymnastics group made a larger change 
to dominant foot performance compared to the TPE group. This difference is likely due to 
two reasons; first, the Gymnastics and TPE groups tended to increase and reduce dominant 
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foot kicking performance, respectively. Second, the variability of the Gymnastics group’s 
average change between phases two and three was lower than the TPE group’s. Taken 
together, these two points suggest that the educational gymnastics programme generally 
enabled children to improve kicking success following training. Moreover, the typical 
physical education activities appear to have not enabled a general tendency for improvement, 
but rather it enabled a general tendency for reductions to kicking success between phases two 
and three.  
When considering the effect of gender, more obvious changes were apparent. The 
female members of the Gymnastics group made a significantly larger improvement to 
dominant foot performance compared to TPE group females most likely due to the tendencies 
for improvements and reductions to kicking success, respectively. Another interesting result 
was the relatively high variability in the TPE group’s female’s change between phases two 
and three to non-dominant foot kicking success (i.e., 1753.8%). Such extreme variability 
indicates that some TPE group females improved considerably and others performed 
considerably worse. As a result of such variable changes, the TPE females average change 
between phases two and three was only -0.52%. When contrasting this with variability of 
changes between phases two and three from other male and female sub-groups, there is an 
indication that while the majority of children appeared to change with more consistency, the 
TPE group females appeared to find this task very challenging. 
Generally, studies have shown females (age 5 – 16 years old) do not perform as well 
as males in object manipulation tasks (Barnett et al., 2010; Crane et al., 2017; LeGear et al., 
2012; Liong et al., 2015), At least one study has shown no difference between genders in 
kicking and catching (Butterfield et al., 2012), but results of the present study did not support 
this trend. The hypothesis that young males would perform better than young females can be 
rejected. Additionally, the changes made between phases by males and females of each group 
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were not significantly different. Previous studies that identified differences between genders 
have used process-oriented assessment procedures when comparing young male to female 
object manipulation skills (Barnett et al., 2010; Crane et al., 2017; LeGear et al., 2012; Liong 
et al., 2015). In process-oriented assessments, ‘mature’ patterns of behaviour are identified 
and skilled observers determine how well a child has performed. Whereas, in product-
oriented assessments, like the present study, a performance outcome measure is used, for 
example, the number of ‘hits’ on a target are counted. While a process oriented assessment 
may be useful for assessing technique, often children do not move like a criterion model yet 
they may still be successful, indeed, Barnett et al. (2010) pointed out that particular features 
of a skill identified during process oriented assessments may not necessarily indicate 
proficient performance.  
Comparisons of kicking success between dominant and non-dominant feet were 
generally consistent. Gymnastics group children were more successful with their dominant 
foot at each phase of the study (see Figure 92) and this trend was consistent across genders 
and supports previous research (Chew-Bullock et al., 2012). The TPE group performed 
significantly better with the dominant foot at phases one and two but, equally well with either 
foot at phase three. There was an influence of foot used to kick on performance; males in the 
Gymnastics and TPE groups performed better with the dominant foot compared to the non-
dominant foot at phase two, but, by phase three the disparity in performance between feet had 
been diminished. The females in the Gymnastics and TPE groups performed equally with 
both feet in each phase.  
These results are further indication that children in the critical period of perceptual-
motor development are changing at different rates, with some children adapting motor 
behaviour successfully earlier than others. With the 6.5 – 8 year old age bracket being 
theorized as a critical transition period in perceptual motor development (Assaiante & 
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Amblard, 1995; Baumberger et al., 2004; Hinton & Vallis, 2016; Olivier et al., 2010; Olivier 
et al., 2007), it was expected that a range of abilities would exist within the cohort as a whole.  
4.2.2 – Task kinetics. Anticipatory postural adjustments (APAs) are made by the 
perceptual-motor system to prepare upcoming internal and external perturbations (Krishnan, 
Aruin & Latash, 2011). No studies to date have investigated the APAs of children preparing 
to kick a stationary soccer ball. The present study followed a similar analysis protocol to that 
used by Assaiante et al. (2000) to examine gait initiation whereby the first 500ms before foot 
lift was used to represent the APA period. While gait initiation and kicking a stationary 
soccer ball present different demands, the APA period for both these tasks involves 
stabilising the body before lifting one foot off the floor. This internally generated perturbation 
provides a destabilising effect particularly in the mediolateral (M/L) movement plane, and 
APAs are required to maintain postural stability for the upcoming movement.  
Once the performer lifts the striking foot from the floor, he or she needs to effectively 
integrate perceptual-motor information to remain balanced. Integrative postural adjustments 
(IPAs) are enacted by coordinative structures to maintain postural stability during dynamic 
tasks (Assaiante et al., 2000). After the foot is lifted off the floor to initiate the kick’s action 
phase, the performer needs to control a pendular-like back-, then forward-swing of the 
striking leg while maintaining postural stability particularly in the M/L plane. Since no 
studies have investigated children’s control of IPAs during kicking a stationary ball, no 
comparisons can be made to previous work.  
For APA and IPA kinetics, it was predicted that across the duration of the study both 
the Gymnastics and TPE groups would modify postural control towards more advanced 
strategies and that the Gymnastics group would make significantly different modifications to 
postural control strategies compared to the TPE group. It was also predicted that boys would 
use different strategies compared to girls and postural strategies would be significantly 
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different when kicking with the dominant compared to the non-dominant foot.   
4.2.2.1 – Sway regularity. Analysis of sway regularity during the APA and IPA 
epochs allows for an understanding of how performers regulate degrees of freedom when 
preparing and controlling their posture during movement, respectively. At phase one, the 
preparatory behaviour of the Gymnastics and TPE groups was not significantly different. 
However, the respective educational gymnastics and typical physical education programmes 
had differing effects on the development of the children’s APA epoch sway regularity across 
time; at phase three in the non-dominant foot condition the Gymnastics group had a more 
advanced APA strategy in the M/L direction (i.e., a more irregular sway).  
These results show that compared to the TPE group, the Gymnastics group children 
(and boys when considering the effect of gender) had less constrained preparatory postural 
behaviour, particularly in the mediolateral direction. This difference was driven by the TPE 
boys significantly reducing the number of degrees of freedom controlling M/L sway between 
phases two and three. The more irregular sway of the Gymnastics group children at phase 
three indicates a more unconstrained preparation strategy in the M/L direction compared to 
the TPE group when kicking. However, in the A/P direction, boys in each group made 
different, large effect size changes between phases one and two and between phases one and 
three. TPE group boys freed degrees of freedom between phases one and two and in the 
Gymnastics group, boys constrained movement behaviour between phases one and three in 
the dominant and non-dominant foot conditions, respectively. While the time period over 
which the changes were made was also different, the different directions of change (i.e., 
freeing or freezing degrees of freedom) are noteworthy.  
Having less constrained sway affords increased flexibility and adaptability in postural 
control (Haddad et al., 2013) (e.g., when attenuating the effect of internal or external 
perturbations to balance, for instance when the striking leg is lifted from the floor during the 
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action phase of kicking). With posture being more unstable in the M/L direction after the 
striking foot has been lifted from the floor when kicking, the preparatory behaviour of the 
boys in each group suggests that the Gymnastics group were beginning to make more 
appropriate changes to postural behaviour, albeit only in one condition (i.e., the non-
dominant foot). By having less constrained M/L sway and not significantly constraining or 
freeing degrees of freedom controlling A/P sway during the preparatory period, the ability to 
Gymnastics group (and boys in particular) had to adapt to internal and external perturbations 
was enhanced compared to the TPE group. In this case, the adaptations they were making 
between phases one and three to A/P postural sway were to the speed of their sway (i.e., 
utilisation of perceptual-motor information), or sway area, rather than the number of degrees 
of freedom used to control posture in the most unstable, i.e., M/L, direction.  
In each group, differences were found in the changes made to APA sway regularity 
between boys and girls in each group and differences between groups were found. In each 
group, boys and girls made different changes to APA regularity and the Gymnastics and TPE 
groups modified APA sway regularity in different directions. While neither boys nor girls in 
the Gymnastics group made significant changes between phases one and two to dominant 
foot APA period M/L sway regularity, the tendencies displayed by boys to sway more 
regularly and girls to sway more irregularly resulted in medium effect size, different changes 
being made between phases one and two. In the non-dominant foot condition, TPE group 
boys reduced A/P sway regularity between phases one and two and girls significantly 
increased regularity across the between phase two and three and between phase one and three 
and these changes led to large effect size, different changes being made between phase one 
and three. These results suggest that is an interaction between gender and the type of physical 
education and this interaction has a significant influence on the way children’s postural 
control develops during the critical period of perceptual motor development between the ages 
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of 6.5 and 8. With young boys and girls assigning more value to sports and gymnastics or 
dance activities (Eccles et al., 1993; Jacobs et al., 2002), respectively, the importance of 
having varied physical education activities during school time is highlighted. If physical 
education activities were too sports like, or included too much gymnastics or dance, then the 
development of more advanced postural control strategies by boys or girls may not be as 
efficient as it could be.  
 
Table 25  
Relative standard error of estimated changes made to APA period M/L and A/P sample 
entropy between phases by the Gymnastics and TPE groups.  




Dominant -351.6 35.3 38.2 
Non-dominant -50.5 52.4 -2052.8 
TPE 
Dominant -283.9 65.7 103.9 




Dominant 38.5 288.8 33.8 
Non-dominant -311.4 115.7 191.6 
TPE 
Dominant -312.4 516.2 -196.5 
Non-dominant -53.4 49.1 372.0 
Note: Values in bold and italics indicate when the change between phases was significant. 
Negative values indicate regularity decreased between phases.  
 
The results of the present study act to reinforce the natural variability in the 
development of children’s postural behaviour in the critical 6.5 – 8-year-old age bracket in 
child perceptual-motor development. Two sources of variability contributed to difficulties in 
data revealing changes cross the duration of the study. First, large relative standard error of 
the changes made by each group to M/L and A/P sway regularity between phases (see Table 
25) made identification of significant differences in changes made between phases difficult. 
This suggests that while some children constrained postural behaviour while preparing to 




Table 26  
Relative standard error of estimated changes made to APA period M/L and A/P sample 
entropy between phases by the Gymnastics and TPE groups.  






Boys 74.8 51.7 33.1 
Girls -63.0 47.9 -9.1 
Non-
dominant 
Boys -48.2 103.5 -85.5 
Girls -128.6 60.1 93.7 
TPE 
Dominant 
Boys -106.5 55.8 190.1 
Girls 122.5 506.1 109.0 
Non-
dominant 
Boys -185.9 35.9 56.3 
Girls -149.6 52.1 90.2 






Boys 50.9 305.9 42.7 
Girls 58.2 581.8 53.6 
Non-
dominant 
Boys -289.7 -149.8 -99.0 
Girls -882.5 56.3 61.4 
TPE 
Dominant 
Boys -117.7 -382.9 -90.5 
Girls 139.1 1397.1 131.4 
Non-
dominant 
Boys -42.4 109.6 -80.6 
Girls 1675.6 39.9 43.5 
 
 
The changes to preparatory period A/P and M/L sway regularity indicate that children 
were changing postural behaviour when preparing to kick and, depending on group or gender, 
directionally specific changes were made at different times during the course of the study. 
But, the changes made by each gender in the Gymnastics and TPE groups often failed to 
reach statistically significant levels due to high intra-group variability in the changes made 
between phases (see Table 26). If changes to sway regularity had been significant, then that 
would suggest a change in skill or attention being paid to postural control (Roerdink et al., 
2011). However, even when the significant changes in preparatory behaviour of coordinative 
structures controlling M/L and A/P sway were found, they did not result in a change in 
performance. This limits any links that can be made about APA sway regularity and skill in 
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this study. A reason that may explain the lack of change in performance resulting from the 
significant changes to preparatory behaviour is the children may have been exploring the 
perceptual-motor workspace in different ways depending on gender and group search for a 
solution to the movement behaviour problem (i.e., kicking a ball at a target) that allowed for 
greater success. Alternatively, alterations to APA strategies may have already been confined 
within limits that allowed for relatively successful behaviour and that changes being made 
were insignificant to overall task performance or related to the development of force rather 
than accuracy.  
Some differences were found when investigating at the IPA behaviour of each group. 
At phase two, the Gymnastics group swayed more irregularly in the A/P direction in the 
dominant and non-dominant foot conditions and in the M/L direction when kicking with the 
non-dominant foot. As predicted, both groups modified postural control strategies across 
time; interestingly, the significant changes made by each group to both dominant and non-
dominant foot sway regularity were directionally specific, that is, the Gymnastics group 
modified M/L sway regularity significantly and the TPE group significantly modified A/P 
sway regularity (see Figure 32 and Figure 33).  
It was also predicted that the children in each group would make significantly 
different changes to postural sway between phases. Results showed that between phases one 
and two, changes made by each group to dominant foot and non-dominant foot sway A/P 
regularity were significantly different; the TPE group significantly increased sway regularity 
and the Gymnastics group did not. Between phases two and three, different changes to 
dominant foot A/P sway regularity and non-dominant foot M/L sway regularity were made as 
the TPE group significantly freed degrees of freedom controlling A/P postural sway and the 
Gymnastics group constrained M/L sway behaviour. Between phases one and three, different 
changes were made to IPAs in the non-dominant foot condition as the Gymnastics group 
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increased M/L sway regularity more than the TPE group.  
Potentially, the physical education experiences had by the children in the present 
study led them to make changes to postural sway they felt were most appropriate. Between 
phase one and two, the strategy of the Gymnastics group children was to modify sway 
regularity in the M/L plane whilst keeping the sway regularity in the A/P plane relatively 
unchanged. TPE children, on the other hand, kept M/L behaviour consistent whilst modifying 
A/P behaviour. The strategy used by the TPE group to modify A/P behaviour may not be the 
most appropriate since the action of lifting the leg used for kicking would destabilise the 
performer in the M/L plane.  
These results are similar to those reported by Calavalle et al. (2008) who found that 
rhythmic gymnasts had better M/L postural strategies compared to non-gymnasts. Taken 
together, the present study’s results and those of Calavalle et al. (2008) suggest that training 
in either educational or rhythmic gymnastics may promote improved postural control, 
particularly in the M/L direction. It may be that the variety of multi-planar movements, 
including rolling, spinning and jumping and the variety of static balances practiced in 
gymnastics may enable the development of postural strategies that are particularly beneficial 
to control in the M/L plane. 
The changes to postural control made by children between phases one and two may be 
a response to a heightened awareness that lifting the kicking foot from the floor induces 
postural instability in the M/l direction and the change in sway regularity represents the 
attempt to attenuate that instability. Previously, gymnasts have been shown to have an 
enhanced ability to utilise perceptual-motor information when performing postural tasks 
compared to other sports people (Vuillerme, Teasdale, et al., 2001). The different strategies 
employed by the Gymnastics and TPE group children suggests that the gymnasts may have 
an enhanced ability to interpret the perceptual-motor information they experience as they 
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became relatively unstable after lifting the foot from the floor to kick. As the kicking leg is 
lifted from the floor, stability in the M/L plane is compromised more so than the A/P plane, 
as such it would seem prudent to act to limit the effect of this perturbation by changing the 
behaviour of coordinative structures that control the degrees of freedom controlling M/L 
posture as the children in the Gymnastics group children did. While some anterior-posterior 
destabilisation is experienced, freezing degrees of freedom in the A/P plane may not allow 
for a fluid kicking motion, so restrictions to sway behaviour in the sagittal plane may not be 
useful for successful kicking. As such, in the case of the present study, the short-term changes 
to IPA behaviour by the Gymnastics group appear to be more appropriate for the task. 
Analysis of COP sway regularity can reveal the appropriateness of changes to 
coordinative structures controlling postural behaviour. Regardless of the phase of the kick 
cycle, preparatory phase (i.e., APA) or action phase (i.e., IPA) period, the Gymnastics 
group’s approach to postural control was to modify behaviour of degrees of freedom 
controlling M/L sway to enable better performance as opposed to the TPE group’s preference 
to modify degrees of freedom controlling A/P sway. With the increased demand for stability 
as the kicking foot is lifted off the floor and swung in the sagittal plane, the volume and 
complexity of relevant perceptual-motor information about postural stability increases. 
Children in the Gymnastics and TPE groups constrained degrees of freedom controlling M/L 
and A/P sway behaviour, respectively. The increased appropriateness of the change to sway 
strategy made by the Gymnastics group compared to the TPE group likely resulted from an 
enhanced ability to distinguish the relevant information provided by the perceptual-motor 
system (Vuillerme, Teasdale, et al., 2001), or from enhanced sensitivity to perceptual-motor 
information that Gymnastically trained performers have (Calavalle et al., 2008; Vuillerme, 
Danion, et al., 2001).  
4.2.2.2 – 95% Ellipse Area. While understanding the way degrees of freedom are 
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regulated by performers is important to human movement researchers, issues of stability are 
not able to be addressed by calculations of sample entropy. Sway area is commonly used to 
determine postural stability and changes to sway area indirectly indicate changes to stability, 
where increased sway area indicates reduced stability (Slobounov & Newell, 1994b).  
At phases one and three the Gymnastics group swayed over a significantly larger area 
compared to the TPE when preparing to kick with the dominant foot which suggests that they 
were less stable. As such the prediction that following the educational gymnastics programme 
the Gymnastics group would show better stability during the preparation period of kicking 
compared to the TPE group can be rejected, at least for the dominant foot condition. Between 
phases one and two, as predicted, while the general trend across time was for all children to 
reduce sway area when preparing to kick with either foot, only the Gymnastics group made 
significant reductions to sway area. However, the hypothesis that stated that the Gymnastics 
group would make larger reductions to sway area compared to the TPE group was not 
supported by the results.  
Effects of group and gender were seen as the changes to sway area between phases 
one and two were only made by the Gymnastics group and those changes appear to be driven 
by the significant reductions to both dominant and non-dominant foot sway area by the girls 
in that group. The sway area results suggest that depending on physical education experience 
and gender, there are different time scales over which changes to postural control occur that 
result from activities practiced during physical education, the developmental readiness of the 
young girls to make changes to preparatory behaviour or the subjective value children assign 
to physical education activities. The significantly different change to sway area made 
between phases one and two by boys and girls in the Gymnastics group resulted in the girls 
being more stable when preparing to kick with either the dominant or non-dominant foot at 
phase two. However, the reductions between phases two and three to preparatory epoch sway 
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area made by the Gymnastics group boys were significant and large compared to their girl 
group members. Similar results were found for the TPE group; large effect size reductions 
between phases one and two and between phases two and three to sway area were made by 
girls and boys, respectively, albeit only in the non-dominant foot. These results indicate that 
the development of postural control in girls may be more advanced than boys, and as a result, 
are more able to improve preparatory postural stability earlier than boys.  
The different timescales over which the reductions to sway area were made by 
Gymnastics group boys compared to girls suggest that there may be an interaction between 
gender and the type of physical education children engage in that may affect the 
developmental trajectory of preparatory behaviour in young children. While studies have 
investigated the anticipatory behaviour of young children in gait initiation (Assaiante et al., 
2000; Ledebt, Bril & Breniere, 1998), during locomotion (Hirschfeld & Forssberg, 1992), 
load lifting (Schmitz, Martin & Assaiante, 1999) and arm movements (Girolami, Shiratori & 
Aruin, 2010) it seems that the influence of gender on children’s APAs has not been 
investigated sufficiently. One study that did investigate the effect of gender found differences 
in the anticipatory behaviour of young girls (aged 10 – 15 years old) compared to boys, 
however, they did not examine the effect of increasing age on APAs (Testa & Debû, 1997). 
Various studies showing that young girls have different postural or balance abilities 
compared to boys (Mickle et al., 2011; Morris et al., 1982; Raudsepp & Pääsuke, 1995) and 
others showing that areas of the brain responsible for motor system control develop earlier in 
young girls than boys (Gidley Larson et al., 2007). Therefore, it seems reasonable to suggest 
that the development of anticipatory postural behaviour in young girls may progress earlier 
than it does in young boys, in particular if young people participate in activities that are 
known to assist the development of postural control (like gymnastics or dance) and those 
activities are held in higher value by some participants than others (e.g., females assigning 
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more value to gymnastics and tumbling, see Eccles et al., 1993; Jacobs et al., 2002). 
Across the duration of the study, all children tended to reduce sway area during the 
IPA period (action phase) of kicking. But, with regards to the hypothesis that children in both 
groups would reduce IPA period sway area between phases, only the Gymnastics group made 
a reduction to sway area between phases one and three in the dominant foot condition, 
whereas the TPE group made significant reductions between all phases in the dominant foot 
condition and between phases two and three and between one and three in the non-dominant 
foot condition. The hypothesis that the Gymnastics group would make larger reductions to 
sway area between phases compared to the TPE group can be rejected. Interestingly, at the 
conclusion of the study (i.e., phase three) the Gymnastics group swayed over a significantly 
larger area when kicking with either the dominant or non-dominant foot. These results 
suggest that the Gymnastics group were less stable than the TPE group during the action 
phase of kicking.  
When considering the effect of gender, reduced stability of Gymnastics group boys 
and girls compared to their TPE group peers was also seen. At phase three, both boys and 
girls in the Gymnastics group were swayed over a significantly larger area compared to the 
TPE group boys and girls when kicking with either foot. Neither boys nor girls in the 
Gymnastics group made significant between-phase reductions to IPA epoch sway area and 
TPE boys made larger reductions to dominant foot sway area compared to their Gymnastics 
group peers. These results were not predicted and suggest that educational gymnastics may 
not enable children (boys or girls) in the critical period of development to significantly reduce 
sway area across 3, 6 or 9 months.  
The indication from sway area results is that while children in the Gymnastics group 
were unable to make significant changes to sway area, educational gymnastics was effective 
at minimising the natural variability of children’s dynamic postural stability particularly 
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when kicking (see Table 27). However, the TPE group’s physical education activities did 
have a significant effect on sway area and while the effect was somewhat consistent between 
feet, the variability within the TPE group either increased (in the dominant foot condition) or 
remained approximately the same (in the non-dominant foot condition). However, it may be 
the case that educational gymnastics may have enabled children to maintain previously 
calibrated action boundaries to enable creative exploration of the perceptual-motor 
workspace. The Gymnastics group children may have learned to interpret perceptions of 
perceptual-motor body sway more clearly than TPE group children and had become aware 
that previously identified limits of stability were too narrow, or had developed postural skills 
that extended their limits of stability during dynamic postural tasks. In support of these ideas 
Fidler, Haddad and Gagnon (2008) concluded that dancers appeared to be more able to test 
personal limits of stability. Further, Weast, Shockley and Riley (2011) suggested that athletes 
with specialist training showed enhanced ability to perceive action scaled affordances. Weast 
et al also commented that via training athletes were enabled to become attuned to kinetic 
information that identified action boundaries.  
Potentially, the educational gymnastics activities enhanced the perceptual-motor 
awareness of the children that performed them and enabled those children to maintain sway 
area limits while modifying other kinetic variables to improve performance. In support of this 
idea, the present results showed that while the boy and girls in the Gymnastics group did not 
significantly change sway area, they did significantly reduce the number of degrees of 
freedom contributing to the control of postural sway (see Figure 32) and significantly reduced 
sway velocity (see Figure 42). However, regardless of changes to sway area or other kinetic 
variables, kicking performance of groups (regardless of gender) or boys and girls did not 
change significantly across time. But, compared to the TPE group, the Gymnastics group (as 
a whole) and girls in the Gymnastics group (when considering the influence of gender) did 
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make medium sized, significantly larger improvements to dominant foot kicking success 
between phases one and three. These results suggest that reductions to sway area, such as 
those made by the TPE group may not be as effective at assisting the improvement of kicking 
performance as modifying the number of degrees of freedom controlling postural sway or 
reducing sway velocity.   
 
Table 27  
95% confidence interval (C.I) range and relative standard error (%) of IPA 95% sway area 
of boys and girls in the Gymnastics and TPE groups.  
Group Foot Phase 95% C.I. range (mm2) RSE (%) 
Gymnastics 
Dominant 
1 2596.9 13.9 
2 1440.7 10.4 
3 1007.2 7.8 
Non-dominant 
1 2646.9 17.4 
2 1448.2 15.0 
3 1003.7 9.2 
TPE 
Dominant 
1 2553.2 14.5 
2 1755.7 15.9 
3 1320.0 20.5 
Non-dominant 
1 2499.1 22.2 
2 1747.1 17.6 
3 1312.4 22.1 
  
 
In the present study, while the Gymnastics group did not practice kicking, per se, they 
were engaged in dynamic activities that required the perceptual-motor system to regulate 
dynamic postural control to enable dynamic postural stability. In the act of practicing 
dynamic postural tasks, the children in the Gymnastics group were learning how to control 
their bodies during periods of relative instability and this may have had a flow on effect into 
the dynamic act of kicking. The issue of skill transfer is being debated. Where Vuillerme, 
Danion, et al. (2001) suggests that transfer of dynamic postural skills to more simple, static 
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postural tasks may not occur, research by Paillard et al. (2006) suggests that in test conditions 
that are more closely matched to those in a specific discipline (e.g., soccer), postural 
performance is influenced by skill. That is, more highly skilled athletes, or those who have 
undergone specialist training, performed better in a dynamic postural task in laboratory 
conditions compared to less skilled athletes (Aksit & Cirik, 2017; Paillard et al., 2006; Sahli 
et al., 2013b). As such, while there may be limited transfer, if any, from dynamic to static 
postural tasks, the results of the present study suggest that skill transfer between dynamic 
postural tasks also might not occur effectively.  
4.2.2.3 – COP velocity.  Calculation of COP velocity allows researchers to understand 
more about what types of control processes are used to effect movement behaviour (Davids et 
al., 2008). Fast movement of the COP (≥ 6 cm.s-1) employ open loop control strategies and is 
less accurate (Kirshenbaum et al., 2001). Whereas slower COP movement (≈ 3 cm.s-1) is 
more accurate and uses perceptual-motor information for guidance (Kirshenbaum et al., 
2001). 
Compared to the TPE group, the Gymnastics group swayed faster in the M/L and A/P 
planes at phase three when preparing to kick with the dominant foot. The differences between 
groups at phase three are contrary to the hypothesis that predicted the Gymnastics group 
would sway slower after having completed the course of educational gymnastics.  
However, the Gymnastics group did significantly reduce dominant and non-dominant 
foot M/L and A/P sway velocity between each phase, except in the case of non-dominant foot 
A/P sway velocity between phases one and two. The TPE group made no significant changes 
to M/L or A/P sway velocity between phase one and two, most likely due to the high 
variability in TPE group’s changes to dominant (relative standard error, M/L - 70.6%. A/P – 
149.9%) and non-dominant foot (relative standard error, M/L - 524.0%. A/P – 185.0%) sway 
velocity between phases one and two. In support of the hypothesis that the Gymnastics group 
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would make larger between-phase changes to sway velocity compared to the TPE group, and 
possibly due to the faster sway at phase one, the reductions made to APA period dominant 
and non-dominant foot M/L sway velocity by the Gymnastics group between phases one and 
two and between phases one and three were significantly larger compared to the reductions 
made by the TPE group. These results suggest that the effect of practicing gymnastics may be 
beneficial for young children to assist them to make relatively quick adaptions to APA sway 
velocity.  
But, whether educational gymnastics or typical physical education is beneficial for all 
young children may not be clear. When considering the effect of gender, some interesting 
trends were seen. Only girls in the Gymnastics group made changes to preparatory period 
A/P and M/L velocity between phases one and two. When preparing to kick with the 
dominant or non-dominant foot, the Gymnastics group’s boys showed a tendency to reduce 
M/L sway velocity between phases one and two but high variability in their estimated 
average change made (relative standard error = 103.5%) meant that the change made between 
phases one and two was insignificant. TPE group boys, however, made a medium effect size, 
significant increase to APA period M/L sway velocity between phases one and two; this 
increase indicates a regression towards a more ballistic, pre-planned strategy for postural 
control. In these cases, young boys either had a highly variable response to physical 
education, or responded in such a way that they used a postural control strategy that was less 
complex. In contrast, girls in each group made similar changes to M/L sway velocity, but, 
compared to TPE group girls, Gymnastics group girls made larger reductions to preparatory 
epoch dominant and non-dominant foot A/P sway velocity between phases one and two. 
These results suggest that the educational gymnastics programme assisted children to become 
more able to utilise perceptual-motor information in a relatively short period of time. Control 
processes utilised by the boys in the Gymnastics groups took longer to change, and as such 
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immediately following the educational gymnastics programme, they continued to make 
relatively rapid movements.  
Boys in the TPE group appeared to be attempting to change strategies when preparing 
to kick, but, they seemingly regressed in terms of control processes used when kicking with 
the dominant foot as they made a medium effect size significant increase to M/L sway 
velocity between phases one and two. However, following the six-month gap between phases 
two and three, the TPE group boys had returned the velocity of both M/L and A/P sway to 
phase one levels. These children may have perceived the task to be very difficult and resorted 
to simplistic pre-planned strategies, rather than focusing on information provided by the 
perceptual-motor system to guide their movements. However, as Riach and Starkes (1994) 
point out, a regression in postural coordination mode may be explained by development of 
the perceptual-motor system and the recalibration required as system components change 
during a critical period of development. As such, the increases to sway velocity made by the 
TPE group and in particular it’s boy group members and the Gymnastics group and it’s girl 
members may be seen as a perceptual motor recalibration.  
When preparing to kick, there were some differences between boys and girls in 
preparatory behaviour in both the Gymnastics and TPE groups. The large, significant 
difference in M/L sway velocity of both the dominant and non-dominant feet that existed at 
phase one as TPE group girls swayed faster than their boy peers was diminished at phase two 
as boys in the TPE group significantly increased M/L sway velocity. It was not predicted that 
children would increase sway velocity because this would indicate a regression to a more 
simplistic mode of postural control.  
In the Gymnastics group, no gender differences existed at phase one, but at phase two 
when preparing to kick boys swayed significantly faster than girls in the A/P plane. 
Following the educational gymnastics activities, girls made medium effect size, significant 
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reductions to dominant and non-dominant foot A/P sway velocity between phases one and 
two, whereas their boy peers made no significant change. With boys and girls in the 
Gymnastics groups not swaying significantly differently at phase one, it appears that they 
educational gymnastics enabled young girls to make a change to the type of control strategy 
they used when preparing to kick. The change they made indicates they were beginning to 
use more perceptual-motor information to guide control of the COP while preparing to kick.  
At phase two, following the respective physical education programmes, during the 
IPA period of kicking the Gymnastics group swayed significantly faster than the TPE group 
in the M/L direction when kicking with the dominant foot (but not the non-dominant foot) 
and there was no significant difference between groups in A/P sway velocity. At phase three, 
the Gymnastics group swayed faster in both directions when kicking with either foot. These 
results are contrary to the prediction that at phase two the Gymnastics group would have 
more advanced postural strategies compared to the TPE group.  
But, while M/L sway velocity was generally reduced between phases one and two by 
all children, the changes to IPA period A/P sway velocity between phases one and two were 
not as consistent. Additionally, similar to M/L sway velocity, high within-group variability in 
changes to A/P sway velocity were seen. With the gymnastics group children swaying 
significantly faster at phase one, the significant reductions they made to the sway velocity of 
both feet between phases one and two indicate that educational gymnastics may be able to 
assist children to mitigate the effects of transitioning through a critical period of perceptual-
motor development within which high movement variability exists. Additionally, the changes 
they made between phases one and two were significantly larger compared to their TPE 
group peers. 
However, between phases two and three, the Gymnastics group’s dominant and non-
dominant foot M/L sway velocity tended to increase and returned to phase one levels and the 
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results of these changes were significantly faster sway velocities at phase three compared to 
the TPE group. Additionally, while the Gymnastics group’s A/P sway velocity of both feet 
tended to get slower between phases two and three, at phase three they swayed significantly 
faster than the TPE group. These results are contrary to the hypothesis that the Gymnastics 
group would sway slower than the TPE group. These results suggest that while children are 
traversing through a critical period of perceptual-motor development there may be some 
benefit to specialised training, like educational gymnastics, but, once participation in the 
specialised training has ended, the benefits may not be retained, likely due to the changing 
anthropometric or perceptual-motor awareness of the children.  
The high variability of the M/L and A/P sway velocity results is highlighted when 
looking at the effect of gender. Table 28 summarises variability of the changes made by boys 
and girls in each group when kicking with either the dominant or non-dominant foot. While 
boys and girls in the Gymnastics group modified velocity in similar directions (i.e., reduced 
or increased) across time, significant differences in the size of the change made to velocity 
were seen; between phases one and two a medium effect size difference between genders was 
found in the Gymnastics group as girls made a significantly larger reduction to dominant foot 
A/P sway velocity compared to boys. But, while this suggests that the Gymnastics group girls 
may have benefited more from participating in educational gymnastics, between phases two 
and three a large effect of gender was found as Gymnastics group boys significantly reduced 
both the dominant and non-dominant foot A/P sway velocity more so than their girl peers. 
Also, between phases two and three Gymnastics group girls increased dominant foot M/L 
sway velocity more so than their boy peers. So, while both Gymnastics group boys and girls 
made modifications to postural control towards mixed open and closed loop strategies, the 
different changes (i.e., to the dominant or non-dominant foot, or plane of movement) 
occurred over different time scales. A similar trend to that in the Gymnastics group was 
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found in the TPE group whereby girls made a significantly larger change towards a mixed 
control strategy between phases one and two and boys made significantly larger changes 
towards a mixed control strategy between phases two and three. The one exception to this 
trend was the M/L sway velocity in the dominant foot condition.   
 
Table 28  
Relative standard error (%) of estimated change made to sway velocity between phases by 
boys and girls in each group when kicking with the dominant or non-dominant foot  
ΔP1P2 ΔP2P3 ΔP1P3 
M/L Sway Velocity  D ND D ND D ND 
Gymnastics Boys 100.7 102.4 -637.1 -200.8 104.0 128.2 
Girls 50.4 36.4 -34.3* -32.3 -4498.5 155.2 
TPE Boys 22.3* -81.0 -119.1 30.2* 26.6* 65.1 
Girls 146.1 25.2* -1932.6 -100.2 164.2 32.0 
A/P Sway Velocity  D D ND D ND D 
Gymnastics Boys 49.5 36.9* 17.6 37.1* 16.5 21.1 
Girls 23.2* 62.7 190.8 -365.7 21.8 67.4 
TPE Boys -57.9* -23.4* 12.4* 16.2* 16.4 82.0 
Girls 154.2 35.4 26.6 17.9 29.5 28.0* 
 Note: D = dominant foot, ND = non-dominant foot. Bold, italicised data indicates significant 
difference in change made between phases. * - indicates a significant difference between 
genders in the change made between phases. Negative values indicate increase in velocity 
between phases.  
 
When considering these changes to sway velocity together, it appears that regardless 
of the type of physical education that young children participant in, the young girls in this 
study were able to make changes to postural control strategies towards a more advanced, 
mixed open and closed loop process sooner compared to young boys. Gidley Larson et al. 
(2007) suggested that earlier development of regions of the brain underlying motor control in 
young girls may account for observed differences in motor behaviour. It may be the case this 
mechanism may be in part responsible for the earlier significant switch to mixed strategy 
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postural control. However, the process of perceptual-motor calibration is clearly an ongoing 
process (Kirshenbaum et al., 2001) and the young children in the present study explored a 
range of postural strategies to enable effective control of posture during kicking. 
Since no changes to kick performance were made by participants, changes in sway 
velocity may have had no immediate effect on kicking ability. However, the changes do offer 
some insight to the strategies children used to try to be successful when kicking. Despite the 
increase in sway variability between phases one and two it appears that children were 
attempting to pay closer attention to the perceptual-motor information available when kicking 
with their dominant foot. This change to a slower control strategy that utilises perceptual-
motor feedback, i.e., from open-loop to a mixed open and closed-loop strategy, is 
representative of typically developing children (Kirshenbaum et al., 2001; Schmid, Conforto, 
Lopez, Renzi & D'Alessio, 2005). The high variability within the sway velocity data can 
attributed to the age of the children; a recalibration of the perceptual-motor system takes 
place within the critical period of perceptual-motor development between the ages of 6.5 and 
8 years old (Austad & van der Meer, 2007) and the children in the present study were within 
that age range. Any change to the perceptual-motor system’s capacity or ability to integrate 
information is likely to have an effect on postural control, and since the critical period of 
development is relatively wide, the variability seen in the present experiments sway velocity 
data was expected.  
One result that was not expected was the faster IPA period M/L and A/P sway 
velocity of the Gymnastics group compared to the TPE group at phase three. Gymnastically 
trained children have previously been shown to sway more slowly in the M/L plane (Garcia 
et al., 2011) and the results of the present study contradict this idea. The Gymnastics group’s 
greater M/L and A/P sway velocity suggests that they were either 1) employing a control 
strategy that placed less focus on sources of perceptual-motor information to guide 
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movements than the TPE group, 2) they were intentionally employing a strategy that was pre-
planned because they were less able to predict the outcome of the dynamic phase of kicking 
and be less certain they can maintain postural stability, or 3) that their integration of 
perceptual-motor information was very effective allowing them the opportunity to continue to 
make fast movements. The last of these suggestions may be the reason why the Gymnastic 
group children swayed faster than the TPE group children. The activities the Gymnastic 
group children practiced during the educational gymnastics programme may have enabled 
them to make more appropriate predictions about the outcome of upcoming internally 
generated perturbations based on perceptual-motor information acquired during the 
preparatory and integrative periods of kicking. For example, activities commonly practiced in 
educational gymnastics include jumping and landing and moving in various planes and about 
various axes. Often these activities are performed after a run up to a vaulting horse and these 
quick movements are often required to be followed by periods of relative stillness. It may be 
the case that the participants in the present study’s Gymnastics group benefited from the 
relatively high velocity jumping and landing activities they practiced and that some of the 
postural skills learned were able to be utilised during kicking and enabled a relatively fast 
sway to be effective in kicking.   
4.3 – Conclusion and Implications – Dynamic Postural Control  
In the present study, the kicking task appeared to be difficult for all children. 
Regardless of group or gender, kicking performance did improve across the long term but 
only in the non-dominant foot condition. Two main reasons may explain why this was the 
case: first, the ages of the children placed them within a critical period of perceptual-motor 
development and because postural control underlies and constrains movement behaviour 
changes to functional performance may have been masked by the inherent variability 
exhibited by the cohort. Second, the measurement of the task’s performance was potentially 
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not sensitive enough to detect the changes made.  
The COP data collected allowed for analysis of the strategies used by the children to 
regulate degrees of freedom and modify the sway area or velocity. The data also allowed for 
an analysis of how children prepared for movements, then controlled movements once they 
had begun. One important characteristic of the results of the dynamic postural control data 
was the relatively large variability, particularly in the changes made by children between 
phases. The importance of the variability seen lies in the way it highlights the different 
developmental trajectories that children take as they traverse through a critical period of 
perceptual-motor development. The particular critical developmental period observed in the 
present study saw children progress from approximately 6- to 8-years of age. Other studies 
have shown that this age group displays highly variable kinetics and postural performance 
(Hinton & Vallis, 2015; Olivier et al., 2007; Rine et al., 1998) and the present study’s results 
supports these studies findings. 
Despite the variable nature of the results, the kicking task revealed some important 
differences and similarities between groups, genders and the foot used to kick. The results 
therefore provided further insight into the recalibrations to postural control children aged 
between 6- and 8-years old make to accommodate for changes to their anthropometric and 
perceptual-motor skills (Austad & van der Meer, 2007; Riach & Starkes, 1994; Rine et al., 
1998). Children who practiced educational gymnastics activities were able to modify 
preparatory postural behaviour across a relatively short time period (i.e., three months), 
whereas children who practiced TPE were not. The modifications made include not only 
changes to the number of degrees of freedom contributing to the control of postural sway, but 
also changes to the use of perceptual-motor information and postural stability. Gymnastics 
have previously been observed to use perceptual- motor information more efficiently and to 
be more stable compared to non-gymnasts (Garcia et al., 2011; Vuillerme, Teasdale, et al., 
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2001) and the present study’s APA and IPA period results suggest that even relatively short 
courses in educational gymnastics (e.g., 20 lessons across 3 months) can assist young 
children to 1) modify their preparatory and integrative postural control strategies to begin to 
use perceptual-motor information to guide their preparation for upcoming internal 
perturbations and 2) be more stable when preparing to move. 
A limitation related to this task was the ecological validity (Bartlett, 2007), as such 
the nature of the task may have also influenced the outcome. Children were asked to kick a 
soccer ball at a target 2.5 meters away. The target, a sports cone (13.5cm base width, 23cm 
tall), sat inside a small goal that was 140cm wide and 90cm tall. Similar to Matvienko and 
Ahrabi-Fard (2010), success was measured by the number of kicks that hit the cone out of 
five attempts. The method of scoring for this task was scored as either ‘hit or miss’ and may 
not have been sensitive enough to allow for small changes to kicking accuracy to be 
determined. This performance measure was not forgiving and the target could be considered 
to be relatively small, especially since passing, or shooting the ball in soccer rarely requires 
such accuracy, in this case, the children also may not have been familiar with kicking so 
precisely. 
Future studies should include a graduated scoring system with multiple target zones of 
decreasing value from a central target (similar to Chew-Bullock et al. (2012)) would provide 
a more sensitive measurement technique. Finally, children were standing quietly before 
kicking the ball and the ball was placed in an appropriate position by the researcher prior to 
the kick. However, since children and adults (athletes and non-athletes alike) typically have 
some form of run-up before kicking a ball, this laboratory-based task may have limited the 
natural behaviour the children would typically use to kick a ball. Children were told that the 
aim of the task was to hit the cone with the ball, some children tried to kick the ball very 
hard, others tried to kick it softly. It was clear during data collection that a wide variety of 
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5.0 – Study Three – Self-Perceived Physical Competence  
5.1 – Results – Perceived Competence  
 
Table 29  
Self-perceived physical competence summary results table highlighting between group, sex 




P1 P2 P3 
Gymnastics 
TPPC (B*)  * 
POCC (B^*) B>G B>G 
TPE 
TPPC (B*)  * 
POCC (B^*)   
  
 
Table 30  





P1  P2 P2  P3 P1 P3 
Gymnastics 
TPPC (B^)  (G↑) 
POCC #  
^ 
# 
(G – ↑) 
TPE 
TPPC (B^)  
↑^ 
(B – ↑^) 
POCC   
↑^ 
(B – ↑^) 
  
 
5.1.1 – Total Perceived Competence. With data averaged across gender, Figure 50 
shows the total perceived competence (TPPC) of the Gymnastics and TPE groups. The TPE 
group increased TPPC between phases one and three (t(111) = -3.09, p < .01, d =1.03 ). At 
phase three the TPPC of the TPE group children was higher than that of the Gymnastics 
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group children (t(57) = -1.87, p =.033, d = 0.53).The change to TPPC made by the TPE group 
between phases one and three was larger compared to the change made by the Gymnastics 
group (t(111) = 2.32, p = .011, d = 0.66). 
 
  
Figure 50. Total perceived physical competence of children in the Gymnastics and TPE 
groups at each phase. 
 
Total perceived competence of males and females in the Gymnastics and TPE groups 
at each phase is shown in Figure 51. At phase one the Gymnastics group males had higher 
TPPC compared to the TPE group males (t(57) = 1.86, p = .034, d = 0.85). The TPE group 
males made an increase to TPPC between phases one and three (t(111) = -2.62, p = .015, d = 
1.16). The increases to TPPC made by the TPE group males between phases one and two and 
between phases one and three were different compared to the changes made by the 
Gymnastics group males, where TPE group males tended to increase and Gymnastics group 
males tended to reduce TPPC (ΔP1P2, t(111) = 1.93, p = .028, d = 0.88; ΔP1P3, t(111) 
= 2.97, p < .01, d = 1.36).  
Figure 52 provides a comparison between genders in each group at each phase. Males 
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in the Gymnastics group had higher TPPC compared to their female group members at phases 
one (Gymnastics group, t(57) = 3.31, p < .01, d = 1.02) and the changes made by males and 
females in the Gymnastics group between phases one and three were different (t(111) = 2.82, 
p < .01, d = 0.90). 
 
  
Figure 51. TPPC of males (left panel) and females (right panel) in the Gymnastics and TPE 
groups at each phase. 
 
  
Figure 52. TPPC of males and females in the Gymnastics group (left panel) and TPE group 




5.1.2 – Perceived Object Control Competence  
 
  
Figure 53. Perceived object control competence of children in the Gymnastics and TPE 
groups at each phase. 
 
  
Figure 54. Perceived object control competence of males (left panel) and females (right 





Figure 55. Perceived object control competence of males and females in the Gymnastics 
group (left panel) and TPE group (right panel) at each phase.  
 
The perceived object control competence (POCC) of each group at each phase is shown 
in Figure 53. The TPE group made an improvement to POCC between phases one and three 
(t(111) = -3.17, p < .01, d = 1.06).  
The POCC of males and females in each group is shown in Figure 54. Males in the TPE 
group males increased POCC between phases one and three (t(111) = -2.37, p = .029, d = 
0.90). The improvements to POCC made by TPE group males between phases one and two 
and between phase one and three were different to the changes made by the Gymnastics 
group males (ΔP1P2, t(111) = 1.83, p = .035, d = 0.84. ΔP1P3, t(111) = 2.42, p < .01, d 
= 1.11 ).Figure 55 shows the POCC of males and females in each group at each phase. Males 
in the Gymnastics group had higher POCC compared to their female group members at phase 
one (t(57) = 3.97, p < .001, d = 1.22). 
5.1.3 – Correlations between Perceived Competence and Kicking and Balancing 
Performance. Table 31 shows Pearson’s correlation coefficients between TPPC and POCC 
and kicking success (performance averaged across feet and dominant and non-dominant foot 
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performance) for the Gymnastics and TPE groups and males and females in each group. At 
phase three the Gymnastics group had a moderate positive correlation between TPPC and 
non-dominant foot kicking success At phase two, males in the Gymnastics group had a 
moderate, positive correlation between TPPC and non-dominant foot kicking success. At 
phase two, TPE group males had a very strong positive correlation between TPPC and non-
dominant foot kicking success. Males in the Gymnastic group had a moderate positive 
correlation between TPPC and non-dominant foot success, at phase three. Males in the TPE 
group had moderate and very strong negative correlations between TPPC and average kicking 
success and dominant foot success, respectively, at phase three. 
At phase two TPE group males had a very strong positive correlation between POCC and 
dominant foot kicking success and TPE females had a moderate negative correlation between 
POCC and non-dominant foot kicking success. Gymnastics group females had a moderate 
positive correlation between POCC and non-dominant foot kicking success. At phase three, 
TPE group males had a very strong negative correlation between POCC and dominant foot 





Pearson’s correlation coefficients between kicking success and TPPC and between kicking success and POCC for males and females in the 
Gymnastics and TPE groups (significant correlations (p < .05) are highlighted in bold italicised font)  
Group Gender Foot 
TPPC POCC 
P1 P2 P3 P1 P2 P3 
Gymnastics 
Group 
Feet Combined a, b -.02 .23 .24 -.00 .17 .20 
Dominant c, d .06 .23 .01 -.02 .28 .09 
Non-dominant c, d -.11 .02 .41 .01 .05 .33 
Male 
Feet Combined e, f .15 .33 .35 .00 .24 .18 
Dominant g, h .24 .42 .24 .15 .38 .24 
Non-dominant g, h .07 .25 .45 -.12 .09 .14 
Female 
Feet Combined i, j -.19 .16 .16 .04 .09 .26 
Dominant k, l -.07 .07 .00 -.11 .14 .05 
Non-dominant k, l -.32 .28 .37 .22 .02 .53 
TPE 
Group 
Feet Combined m .08 .04 .00 -.05 .02 .02 
Dominant n .02 -.16 -.11 -.06 -.36 -.16 
Non-dominant n .14 .22 .13 -.04 .37 .21 
Male 
Feet Combined o -.15 .37 -.52 -.27 .35 -.35 
Dominant p -.59 -.08 -.84 -.58 -.12 -.86 
Non-dominant p .52 .81 -.19 .16 .83 .02 
Female 
Feet Combined q .13 -.13 .23 .02 -.14 -.02 
Dominant r .20 -.24 .16 .09 -.53 -.24 
Non-dominant r .06 -.03 .33 -.05 .28 .22 
Note:  a P1, P2 – n = 84. b P3 – n = 78. c P1, P2 – n = 41. d P3 = 38. e P1, P2 – n = 46. f P3 – n = 44. g P1, P2 – n =22. h P3 – n = 21. i P1, P2 – n = 
36. j P3 – n = 32. k P1, P2 – n = 17. l P3 – n = 15. m P1, P2, P3 – n = 34. n P1, P2, P3 – n =16. o P1, P2, P3 – n = 10. p P1, P2, P3 – n = 4. q P1, P2, 




Table 32 shows Pearson’s correlation coefficients between TPPC and POCC and 
balancing success (performance averaged across feet and dominant and non-dominant foot 
performance) for the Gymnastics and TPE groups and males and females in each group. At 
phase two, females in the TPE group had moderate negative correlations between TPPC and 
average balancing success and non-dominant foot balancing success. At phase three, males in 
the Gymnastics group had moderate positive correlations between TPPC and average 
balancing success and non-dominant foot balancing success, respectively. TPE group males 
had strong negative correlations between TPPC and average balancing success and dominant 
foot balancing success, respectively.   
At phase two the TPE group females had a moderate negative correlation between 
POCC and average balancing success, whereas males in the TPE group had a moderate 
positive correlation between POCC and average balancing success. Also, at phase two TPE 
group females had moderate negative correlations between POCC and dominant and non-
dominant foot balancing success and TPE group males had a strong positive correlation 
between POCC and non-dominant foot balancing success. At phase three, Gymnastics group 






Table 32  
Pearson’s correlation coefficients between balancing success and TPPC and between balancing success and POCC for males and females in the 
Gymnastics and TPE groups (significant correlations (p < .05) are highlighted in bold italicised font)  
Group Gender Foot 
TPPC POCC 
P1 P2 P3 P1 P2 P3 
Gymnastics 
Group 
Feet Combined a, b -.03 .02 .18 -.17 .02 .16 
Dominant c, d -.01 -.08 .16 -.19 -.02 .13 
Non-dominant c, d -.04 .11 .19 -.15 .06 .18 
Male 
Feet Combined e, f .23 .24 .33 .06 .14 .39 
Dominant g, h .11 .25 .29 -.07 .13 .31 
Non-dominant g, h .39 .22 .40 .20 .15 .49 
Female 
Feet Combined i, j .17 -.07 -.01 .14 .06 .18 
Dominant k, l .25 -.37 .02 .05 -.12 .23 
Non-dominant k, l .10 .21 -.02 .23 .24 .16 
TPE 
Group 
Feet Combined m -.03 -.19 -.28 -.06 -.29 -.13 
Dominant n -.21 -.18 -.26 -.29 -.35 -.05 
Non-dominant n .20 -.21 -.30 .22 -.28 -.24 
Male 
Feet Combined o .15 .42 -.61 .20 .52 -.48 
Dominant p .04 .17 -.76 -.15 .37 -.66 
Non-dominant p .31 .71 -.54 .69 .77 -.34 
Female 
Feet Combined q -.10 -.40 -.10 -.15 -.55 -.01 
Dominant r -.31 -.23 .01 -.34 -.51 .20 
Non-dominant r .16 -.52 -.28 .09 -.58 -.31 
 Note: a P1, P2 – n = 84. b P3 – n = 78. c P1, P2 – n = 41. d P3 = 38. e P1, P2 – n = 46. f P3 – n = 44. g P1, P2 – n =22. h P3 – n = 21. i P1, P2 – n = 
36. j P3 – n = 32. k P1, P2 – n = 17. l P3 – n = 15. m P1, P2, P3 – n = 34. n P1, P2, P3 – n =16. o P1, P2, P3 – n = 10. p P1, P2, P3 – n = 4. q P1, P2, 
P3 – n = 22. r P1, P2, P3 – n = 10. * = one-sided t-test p-value. 
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5.2 – Discussion – Self-Perceived Physical Competence  
5.2.1 – Total perceived physical competence and perceived object control 
competence. At each phase of the study, participants were assisted by the researcher to 
answer the questions in the modified athletic competence sub-scale of the Self-Perception 
Profile for Children (SPCC) (Southall et al., 2004). The modified SPCC asks children about 
how they perceive their own physical competence in a range of FMS and physical activities. 
The total perceived physical competence (TPPC) and perceived object control competence 
(POCC) of the children in the present study tended to increase across the time. However, the 
Gymnastics group made no significant increases to TPPC or POCC whereas the TPE group 
made large, significant increases to both TPPC and POCC across the long-term. As such the 
hypothesis that the children’s TPPC and POCC would reduce across time can be rejected for 
the Gymnastics group and accepted for the TPE group. No significant differences existed 
between the Gymnastics and TPE groups at phases one or two of the present study. But the 
larger improvement made by the TPE group to TPPC resulted in a higher TPCC compared to 
the Gymnastics group at phase three. Additionally, results supported the hypothesis that the 
children in the present study would make different changes to TPCC across the duration of 
the study.  
While the Gymnastics and TPE groups did show trends to increase TPPC across time, 
the response to the educational gymnastics activities was characterised by variability that was 
3 – 4 times larger than that of the TPE group (see Table 33). Additionally, results supported 
the hypothesis that the children in the present study would make different changes to TPCC 
across the duration of the study. Such large variability in the changes made to TPPC show 
that while some participants’ self-perceptions of competence did not change much across 
time, some felt that they were much more, and some less competent following the educational 
gymnastics programme. It is unlikely this result reflects low test-retest reliability of the 
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questionnaire as the modified athletic competence sub-scale of the SPCC has a reliability 
coefficient of 0.87 (Southall et al., 2004). Instead, this variability may have been present as a 
result of the participants navigating a critical period of perceptual-motor development within 
which significant cognitive and emotional changes are also experienced (Eccles, 1999). 
Along with Piaget and Vygotsky who suggested a transition between stages of cognitive and 
psychological development at approximately age seven (Oakley, 2004), Eccles (1999) also 
stated that a shift in cognitive development begins to occur at approximately age six. As 
children develop at different rates, variability in self-perceptions is likely, in particular when 
a child’s judgements of self-competence are constrained by their awareness of parental and 
other’s beliefs about their physical competence.  
 
Table 33 
Relative standard error (%) of between-phase changes made the Gymnastics and TPE groups 
to total perceived physical competence (TPCC) and perceived object control competence 
(POCC) 
  ΔP1  P2 ΔP2  P3 ΔP1  P3 
TPCC 
Gymnastics 178.9 286.8 102.8 
TPE 51.8 71.0 32.4 
POCC 
Gymnastics 225.2 96.3 -74.5 
TPE 50.4 74.7 31.5 
Note: values in bold and italics indicate when a significant between-phase change was made. 
Positive values indicate increased perceived physical competence.   
 
The trend for Gymnastics group males to reduce TPPC and POCC and the significant 
increases to TPPC and POCC across the long-term made by the TPE group males indicates 
an effect of the type of physical education young males engage in on the development of 
perceived physical competence. In previous research by Eccles et al. (1993) in which children 
were asked to complete questionnaires about their self-perceptions of physical competencies, 
young males perceived themselves to be better at sports than tumbling. In the present study 
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the Gymnastics group’s males experience of practicing tumbling activities may not have 
enabled them to believe that their skills in physical activities or object control were 
improving. Conversely, the TPE group males have had the opposite experience, whereby the 
activities they performed in typical physical education classes have allowed them to increase 
their self-perceptions of competence.  
However, in contrast to the male’s data, results suggest that the TPPC and POCC of 
female’s changes similarly regardless of the type of physical education they participate in. 
Additionally, results revealed that while there were no significant differences between female 
participants at each stage and the changes made between phases by the female participants 
were similar, the Gymnastics group females made significant improvements to TPPC and 
POCC between phases one and three and the TPE group females did not. A reason for this 
result is the change made between phases one and three by Gymnastics group females was 
less variable than the TPE group’s females was. However, the changes to TPCC and POCC 
by females in each group were not significantly different and most likely due to the high 
variability in female competence scores compared to males (TPPC, ΔP1P3, Gymnastics 
females = 41.1%, TPE females = 60.6%. POCC, ΔP1P3, Gymnastics females = 42.1%, 
TPE females = 46.5%).  
The results show that the generally positive response to education gymnastics by 
females was somewhat consistent within the group. Previously, Eccles et al. (1993) and 
Jacobs et al. (2002) have shown that young females valued tumbling and gymnastics and this 
may provide some explanation for the positive response by females to educational 
gymnastics. If one of the aims of primary school physical education is to assist children to 
increase TPCC and POCC, then, educational gymnastics may provide a more reliable 
mechanism to increase perceived competence compared to typical physical education, at least 
for young females.  
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The different trends for improvements to TPPC and POCC of males and females in 
each group indicate an interaction between the type of physical education and gender of 
participants. Across the duration of the study (i.e., the long-term), different changes were 
observed between genders in the Gymnastics group. For providers of primary school physical 
education, the effectiveness of lessons to enable children to recalibrate TPPC and POCC 
should be considered. Potentially, 20 × 45-minute lessons of educational gymnastics may 
have caused males to lose some motivation for participating in physical education classes. Of 
relevance to this finding, Eccles et al. (1993) also found a gender difference in task value and 
perceptions of competence in primary school aged children where males and females valued 
sports activities differently and females had higher perceived competence in tumbling 
compared to males. This may help to explain the differences seen between males and females 
within the Gymnastics group; the males may have not perceived the activities they were 
performing as sports activities and the females may have valued the tumbling activities, such 
as forwards rolls and cartwheels. On the other hand, the typical physical education group 
displayed homogenous responses to physical education and may have been involved in 
activities that the children perceived to be more sports-like. 
Previously, differences between young males and females across a range of ages (i.e., 
70 – 132 months) have been identified with boys having higher TPPC (Eccles et al., 1993; 
Jacobs et al., 2002; Nagai et al., 2014; Toftegaard-Stoeckel et al., 2010; Ulrich, 1987), 
whereas others have found that girls have higher TPPC (Crane et al., 2017; LeGear et al., 
2012) and one group found no difference between genders (Liong et al., 2015).  
The present study somewhat concurs with previous research that showed that males 
had higher TPPC compared to females, but, a group effect was seen. At phase one there was a 
large, significant difference in TPPC between genders in the Gymnastics group as males had 
higher TPPC compared to their female peers, but following the educational gymnastics 
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programme (i.e., at phases two and three), the differences between genders were not 
significant. In the TPE group; no significant differences in TPPC between genders were seen 
at any phase.  
A difference in POCC between young males and females was found in the present 
study and this result was similar to previous research (Liong et al., 2015). Gymnastics group 
males had significantly higher POCC than Gymnastics group females across the duration of 
the present study and while TPE group males tended to have higher POCC at phases one and 
two than their female peers, the difference only became significant at phase three. These data 
suggest that the development of POCC is influenced by an interaction between the type of 
physical education and gender. Females and males appear to respond more positively to 
educational gymnastics and typical physical education, respectively. The differences between 
genders in POCC may exist as a result of parental and social influences, preferences to 
certain activities, or the young girls discounting the importance of object control skills (Crane 
et al., 2017; Eccles et al., 1993; Jacobs et al., 2002; LeGear et al., 2012; Liong et al., 2015).  
The present study’s results seem to suggest that educational gymnastics and typical 
physical education have limited potential to effect a significant short-term change to TPPC or 
POCC in children aged between approximately 6.5 and 8 years of age (approximately school 
year 2). If any effect was to be seen as a result of physical education, typical or otherwise, it 
appears that the effect would take longer than a single term of primary school (i.e., 10 weeks) 
to be manifested. Klein and Magill-Evans (1998) suggest that changes to perceived 
competence across time reflect developmental changes that occur in children. These changes 
may be considered to be re-calibrations of self-perceptions that result from greater experience 
participating in sports or physical activity, or from interactions with peers or significant 
others such as parents or teachers (Klein & Magill-Evans, 1998). Results of the present study 
indicate that the self-perception recalibration process takes longer than 3 months but 
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significant, large changes to both TPPC and POCC can be realised across 9 months. 
The differing directions of change to TPPC and POCC exhibited by the males and 
females in the Gymnastics group suggest that the educational gymnastics programme has 
differing effects on the perceived competence of young children depending on gender. On the 
contrary, the similarity of changes made by young male and female children in the TPE group 
seem to suggest a homogenous response from children to typical physical education. To 
further examine the appropriateness of the changes to TPCC and POCC it is prudent to 
investigate the relationship between perceived and actual physical competence and to 
examine what associations exist between these variables.  
5.2.2 – Correlation between perceived and actual competence. Some researchers 
have shown that having a positive perception of competence in physical activity leads to 
increased enjoyment and persistence in physical activity participation (Goodway & Rudisill, 
1996; Harter, 1978) and others have shown that children with higher perceptions of 
competency display greater actual physical competence (Liong et al., 2015; Robinson, 2010). 
A young child’s ability to accurately assess his or her own motor competence changes across 
time and the self-assessment of competence is influenced by a number of factors including 
actual motor skills, cognitive development and parental and peer group feedback (Crane et 
al., 2017; Liong et al., 2015). To assess the accuracy of self-perceptions of competency, 
researchers can explore the relationship between perceived and actual competence. For the 
purposes of this study, actual physical competence was assessed using two methods; first, 
performance in two tasks was measured, specifically, in the first task, children balanced on 
one foot and performance was measured by the percentage of successful trials and in the 
second task, children kicked a soccer ball at a target 2.5m away and the percentage of 
successful kicks was calculated. A novel aspect of the present study was the exploration of 




Previous research has presented conflicting results about correlations between actual 
and perceived competence of young children; Liong et al. (2015) found no association 
between young male’s or female’s actual competence and TPPC, however, LeGear et al. 
(2012), Spessato et al. (2013) and Toftegaard-Stoeckel et al. (2010) showed a weak, 
significant positive correlation between TPPC and actual motor competence. After examining 
the relationship between POCC and actual competence Crane et al. (2017) showed that young 
males and females had very weak to moderate associations between POCC and actual motor 
competence but both LeGear et al. (2012) and Liong et al. (2015) found that only young 
males had a significant relationship between POCC and actual motor competence. 
At phase one of the present study no significant correlations between kicking 
competence and TPPC were found and these results support previous research by Liong et al. 
(2015). Additionally, no significant correlations between kicking competence and POCC 
were found in the present study at phase one and these results were contrary to previous 
research (Crane et al., 2017; LeGear et al., 2012; Liong et al., 2015). However, by phase 
three, the Gymnastics group had developed a significant, moderate correlation between TPPC 
and non-dominant foot kicking success. No significant correlations between kicking success 
and TPPC or POCC were found for the TPE group as a whole at any stage. Given these 
results, the hypothesis that accuracy of self-perceptions of physical competence would 
increase across the duration of the study can be accepted for the Gymnastics group and 
rejected for the TPE group. 
The development of significant correlations between perceived and actual competence 
in the Gymnastics group suggests that educational gymnastics has the potential to assist 
children to refine and recalibrate the understanding they have of their own abilities. The risk 
of this, however, is the potential for lowly skilled children to more closely identify that they 
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have low skill and end up in the negative spiral of disengagement described by (Stodden et 
al., 2008) whereby children with low self-perceived physical competence may have low 
persistence in physical activities they find challenging and may opt to not participate in those 
challenging physical activities.  
Gender has also been identified as being an influence on both perceptions of 
competence and actual motor skill competence (Crane et al., 2017; LeGear et al., 2012; Liong 
et al., 2015). Similar to the phase one group results, no significant correlations were found 
between TPPC and POCC and kicking success for males or females of either group at phase 
one (see Table 31). At phase two of the present study, significant positive correlations 
emerged and differences between groups and genders became apparent; significant 
correlations between both TPPC and POCC and kicking success were found in the dominant 
foot and non-dominant foot conditions for Gymnastics and TPE group males, respectively. 
However, also at phase two, females in the TPE group developed a significant negative 
correlation between POCC and kicking success. Interestingly, POCC and kicking success of 
TPE group females were the same as the Gymnastics group females. This indicates that the 
Gymnastics group females were better able to assess their own physical competency 
compared to the TPE group girls.  
At phase three, for females in each group there were no significant correlations 
between TPPC and kicking success but for males there was. Previously significant 
correlations between POCC and kicking success of Gymnastics group males and TPE group 
females were diminished, while Gymnastics group females developed a significant moderate, 
positive correlation between non-dominant foot kicking success and POCC. Also, at phase 
three, TPE group males developed a significant large negative correlation between POCC and 
non-dominant and dominant foot performance, respectively. 
For the Gymnastics group males, the significant moderate correlation with TPPC was 
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with the non-dominant foot kicking performance and for the TPE group males the significant, 
large negative correlation between dominant foot performance and TPPC was evident. The 
switch from having a significant correlation between TPPC and dominant foot performance 
to TPPC and non-dominant performance for the Gymnastics group males may be explained 
by a concurrent reduction and increase to dominant and non-dominant foot performance, 
respectively, across the medium term. However, the development of the large, negative 
correlation between kicking performance and TPPC or POCC for TPE group males highlights 
a concerning trend within the TPE group.  
When looking at the correlations between balancing ability (i.e., percentage of 
successful trials) regardless of the foot used to balance on, the Gymnastics group had no 
significant correlation between TPPC or POCC and balancing ability at any stage of the 
study. The TPE group on the other hand had a significant, negative correlation between 
balancing ability and POCC at phase two.  
However, looking more closely at the effect of gender, neither males nor females had 
significant correlations between balancing ability and TPPC or POCC at phase one. But, by 
phase two, despite trends of increases to TPPC, POCC and significant improvements to 
balancing, females in the TPE group had developed significant moderate, negative 
correlations between both TPPC and POCC and balancing success. Also, at phase two, TPE 
group males had a positive correlation between balancing success and POCC. Finally, with 
results collapsed across feet, at phase three, TPE group males had a moderate, significant 
negative correlation between TPPC and balancing success and males in the Gymnastics group 
had developed weak significant correlations between both TPPC and POCC and balancing 
success.  
Analysis of the interaction between group, gender and foot used for balancing 
revealed that males in the Gymnastics group had a weak, significant positive correlation 
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between non-dominant foot balancing success and TPPC at phase one. At phase two an effect 
of gender began to emerge as the TPE females had a significant moderate, negative 
correlation between non-dominant foot balancing ability and TPPC and significant moderate, 
negative correlations between POCC and both dominant and non-dominant foot balancing 
ability. Also at phase two, TPE group males, however, had a significant strong, positive 
correlation between non-dominant foot balancing ability and POCC. However, by phase 
three, the TPE group females’ negative correlations were diminished and the TPE males had 
developed a significant, moderate negative correlation between dominant foot balancing 
ability and TPPC. Finally, at phase three Gymnastics group males had a significant moderate, 
positive correlation between non-dominant foot balancing ability and both TPPC and POCC.  
While previous research into typically developing children has found significant 
positive correlations between actual motor skill competence and total perceived competence 
(Crane et al., 2017; LeGear et al., 2012; Liong et al., 2015), none have found significant 
negative correlations. However, one study found a significant negative correlation between 
perceived and actual competence in children with attention-deficit hyperactivity disorder 
(Fliers et al., 2010). Since all children in the present study were assumed to be developing 
typically, the negative associations between actual motor skills and perceptions of 
competence developed by children in the TPE group is unexpected. Previous research has 
shown that young girls and boys tend to underestimate and overestimate their object control 
abilities, respectively (Masci, Schmidt, Marchetti, Vannozzi & Pesce, 2017). It might be the 
case that with the Gymnastics group having positive and the TPE group developing negative 
correlations between perceived and actual physical competence, there is a benefit for children 
to participate in specialist, rather than general, training like educational gymnastics. This 
benefit would manifest as more accurate assessments of physical competence.  
The lack of significant positive correlations between the children’s assessment of their 
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own competence and their actual abilities highlights at least two issues. First, children aged 5 
– 8 (like those in the present study) have difficulty making accurate appraisals of their own 
skills and second, the influence significant others (e.g., parents and teachers) have on 
children’s perceptions of physical competence may unduly lead children to believe that they 
are more competent than they actually are. For physical educators and parents, this places 
increased importance on their ability to enable children to make more accurate assessments of 
their own skills. Should children continue to make poor assessments of their own skills, 
participation in sports and games may lead to negative experiences being had when success is 
not achieved as they might expect.  
5.3 – Conclusion and Implications – Self-Perceived Competence.  
There are no clear patterns of change in the present study’s perceived competence 
data or the relationship between actual and perceived competence. Once more this finding 
highlights the changes young children go through as they enter and navigate their way 
through the critical period of perceptual-motor development. Not only do children of this age 
(approximately 6.5 – 8 years old) need to learn to manage a growing awareness of their own 
perceptual-motor system and the information it provides them, but, they are also becoming 
aware of the opinions that significant others have of their competencies (Liong et al., 2015; 
Toftegaard-Stoeckel et al., 2010). Additionally, while young children are known to 
overestimate perceptions of competency, as they age self-perceptions of competency become 
more accurate (LeGear et al., 2012; Spessato et al., 2013). Significant correlations between 
actual and perceived competence reflect increased accuracy in a child’s ability to recognise 
their own physical competence and at the conclusion of the present study (i.e., at phase three) 
only the Gymnastics group (regardless of gender) showed significant correlations between 
kicking ability and both TPPC and POCC. These results suggest that educational gymnastics 
has the potential to assist children to develop increased accuracy in self-perceptions of 
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physical competence across the long term.  
Previously, literature has shown increases (Crane et al., 2017; Goodway & Rudisill, 
1996) or reductions (Eccles et al., 1993) to TPPC with age. While most children in the 
present study also showed increased TPPC, the Gymnastics males did not. Since it is known 
that young males value activities such as tumbling lower than females do (Eccles et al., 
1993), it may be that the challenging nature of the educational gymnastics programme, both 
physically and psychologically, may have played a part in assisting the young males to more 
accurately assess their own skills. There is some evidence that this may have been the case; 
with data averaged across feet, at phases two and three moderate, significant correlations 
between kicking success and TPPC were found. No other sub-group had significant, positive 
correlations between perceived and actual performance at phases two and three. However, in 
contrast, the TPE males made a large, significant improvement to perceived competence 
between phases one and three and this, combined with a trend of increased kicking 
performance, resulted in a moderate, negative correlation between TPPC and kicking 
performance. So, the Gymnastics and TPE group males became more and less accurate, 
respectively, in their perceptions of physical competence.  
The present study’s results also showed no significant correlations between 
Gymnastics or TPE females TPPC and kicking ability. These results are in line with previous 
research that found no significant correlation between perceived and actual physical 
competence in young female children. Three potential reasons for the lack of association have 
been put forward; first, the lack of correlation was due to young girls disregarding the 
importance of object control skills (LeGear et al., 2012), second, young females discount 
their own abilities (Crane et al., 2017), and third, the influence of parents on the development 
of young females POCC such that parents of young girls may not allow their daughters to 
participate in activities that would enable them to development object control skills (Liong et 
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al., 2015).  
Spessato et al. (2013) suggested that some children may have not experienced a 
diverse array of physical activities leading them to have less accurate perceptions of 
competence. Potentially, the effect of engaging young males in educational gymnastics 
enables them to recalibrate judgements of self-competence towards greater accuracy. A lack 
of diverse experiences may also be part of the reason behind the continued increase in 
perceived competence of the present study’s participants. Typically, a higher percentage of 
year 1 and 2 young girls participate regularly (i.e., one or more times per week) in gymnastics 
(48.5%) and dance (42.8%) (Sport New Zealand, 2012) which may explain why those 
females in the Gymnastics group continued to see improvements in TPPC. The typical 
physical education programme may have included activities that children participated in more 
frequently, including athletics (running, jumping and throwing based activities), where 
participation rates for year 1 and 2 males and females were 57.4% and 58.5%, respectively 
(Sport New Zealand, 2012).  
The results of the TPE group males and females at phase three and two, respectively, 
in the present study reveal data that has not been seen previously in literature, that is, negative 
correlations between actual motor performance and self-perceived competence. The negative 
correlations between actual and perceived competence found in the present study suggest that 
there was a noteworthy mismatch between the children’s ability to assess their own physical 
competence and their actual physical competence. Toftegaard-Stoeckel et al. (2010) and 
Klein and MacGill-Evans (1998) suggested that children aged approximately seven years of 
age may not yet have an accurate perception of their own skills but are likely to be in the 
process of developing such awareness. While Toftegaard-Stoeckel et al’s comments were in 
relation to children who were having motor difficulties, the development of more accurate 
self-awareness is also embedded in the process of development in children who do not have 
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difficulties. Results of the present study, in particular the development then loss of significant 
correlations between actual and perceived competence, reinforce the idea that for children 
entering a critical period of perceptual-motor development it is increasingly difficult for them 
to accurately estimate their own level of competence. With this in mind, and given the 
influence that parents, caregivers, coaches and teachers have on the development of perceived 
competence in children, the importance of introducing children to a range of physical 
activities in the critical period of perceptual-motor development cannot be understated.  
Since kicking performance did not significantly improve for either group across the 
duration of the study, the Gymnastics group’s development of a significant, albeit weak, 
positive relationship between physical competence (both kicking and balancing) and TPPC or 
POCC suggests that educational gymnastics has the potential to assist children to make more 
accurate assessments of their own abilities. That is, at the conclusion of the study the nature 
of the Gymnastics group’s self-perceptions of competence more closely reflected actual 
abilities. While the TPE group showed a significant long-term improvement in TPPC, at 
phase three it did not maintain significant correlations developed at phase two between 
kicking competence and TPPC or POCC. That is, while the TPE group children did not 
improve kicking performance significantly across the duration of the study, they believed that 
their overall abilities to be higher at phase three than at phase one. Several authors have 
suggested that increasing children’s perceived competence can lead to greater participation in 
physical activity (Barnett et al., 2008; Sallis, Prochaska & Taylor, 2000; Stodden et al., 2008) 
and as such, the increased TPPC of the TPE group appears to be a positive outcome for those 
children. However, increasing children’s self-perceived physical competence beyond actual 
levels of physical competence should not be an end that is aimed for in primary school 
physical education, per se, because a mismatch between perceived and actual competence 
may introduce increased risk of physical injury (Almeida, Luz, Martins & Cordovil, 2017; 
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Masci et al., 2017).  
An important issue raised by Liong et al. (2015) was that often when comparisons 
between actual and perceived motor competence are made, the actual skills that are assessed 
are not the same as those the children are being asked about when completing perceived 
competence questionnaires. In the present study, this issue was addressed by having 
children’s kicking competence assessed by asking them to kick a ball at a target. One 
question in the self-perception profile for children specifically asks about perceived kicking 
competence. Results showed that the only significant correlation found between actual and 
perceived kicking competence was in the Gymnastics group males at phase one when 
perceived kicking competence was moderately correlated with dominant foot performance (r 
= .40, p = .026). No other subgroups demonstrated significant correlations between actual and 
perceived kicking competence at any stage of the study. As such, while the issue of asking 
children about their specific motor skill competencies and then having them perform those 
skills might seem like a good idea, it may not reveal any more reliable information than 
asking more general questions about motor competencies and having children perform 
unrelated tasks. The reasons for this include the variability that exists in young children’s 
motor performances, such as that seen in the present study, and the children’s difficulty in 
providing accurate assessments of their own abilities (Masci et al., 2017). 
With the number of participants in the Gymnastics group in the present study ranging 
from 44 to 41 and the number of participants in the TPE group 17, potentially, results of the 
present study may be limited by the number of children in the study. However, previous 
studies have had similar sample sizes; Goodway and Rudisill (1996) found that after a 12-
week intervention programme, children in the motor skill intervention group (n = 31) had 
higher perceived competence post-intervention; Valentini and Rudisill (2004) also found 
increased perceived competence post-intervention in their study (n = 19). But, the gender and 
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foot specific analysis did effectively act to further reduce sample size and this may have 





6.0 – General Conclusions and Implications  
6.1 – General Overview  
The present research was a repeated measure, mixed design longitudinal study that 
examined the effects of 20-lesson training programmes in either educational gymnastics (n = 
43) or typical physical education (n = 18) amongst young children aged 5-8 years old. Three 
studies were conducted to examine the development of postural control during static balance 
and FMS performance and self-perceived physical competence.   
6.2 – Static Postural Control  
As predicted, participants in both groups generally improved their control of static 
posture during a unipedal balancing task. However, only the Gymnastics group were enabled 
to make changes to the degrees of freedom used to regulate posture (i.e., they modified sway 
regularity) between phases one and two, however, this change was only found during the 
non-dominant foot condition. This raises two issues of practical significance. First, specialist 
training in educational gymnastics is more effective than general physical education training 
at enabling young children to develop static postural skills. Second, the potential for 
acceleration of the developmental trajectory of static postural control may be somewhat 
limited by the ongoing natural development of children and their tendencies or preferences 
for performing physical tasks on one side of the body or the other.  
As perceptual-motor systems develop, the control of posture changes (da Costa, 
Batistão & Rocha, 2013). As age increases, the reliance on various sensory modalities 
changes (Bair, Kiemel, Jeka & Clark, 2007) and researchers can measure how these changes 
affect postural sway. It is generally accepted that with increased age, sway regularity 
increases (Newell, 1998), sway area is reduced (indicating increased postural stability) 
(Newell, 1998) and sway velocity is also reduced (Riach & Starkes, 1994) (indicating a 
199 
 
change from an open loop, ballistic pre-planned movement strategy to a mixed open and 
closed loop control strategy that utilises perceptual motor information for guidance (Davids, 
Kingsbury, George, O'Connell & Stock, 1999).   
6.2.1 – Sway regularity.  While educational gymnastics was more effective in 
enabling children to modify the degrees of freedom used to regulate static postural control, it 
was not in the way that was predicted. Children in both groups ‘froze’ degrees of freedom 
controlling sway in the M/L and A/P directions (i.e., swayed more regularly), rather than 
‘freeing them’ (i.e., swaying more irregularly) as they improved their ability to balance on 
one foot. The model describing the relationship between postural control and sway regularity 
predicts that increases in skill are accompanied by reductions to sway regularity (Anderson & 
Button, 2017; Roerdink et al., 2011). The currently identified limited potential that the 
postural control – sway regularity model (Anderson & Button, 2017; Roerdink et al., 2011) 
has to describe changes to postural sway regularity with age or training needs to be explored 
further by investigating a wider age range (e.g., including ages between 5 and 12) and the 
influence of other training methods that are known to have increased benefits for the postural 
control system like soccer, circus training and martial arts (Paillard et al., 2006; Perrin et al., 
2002; Sahli et al., 2013a).   
6.2.2 – Sway area and velocity. Sway area (i.e., postural stability) and sway velocity 
results were generally as predicted with reductions to sway area and velocity achieved by 
most sub-groups across time, except for the TPE group males who swayed over a larger area 
across the short-term. However, the relationship between sway area and balancing 
performance was not as strong as predicted. It seems that sway area may not be as important 
to static balance performance as other kinetic variables, like sway regularity or sway velocity. 
Instead it is likely that a combination of each these factors are more reflective of static 
postural control mechanisms. For example, as children learn they may be actively exploring 
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the perceptual-motor workspace for a particular combination of sway area, sway regularity 
and sway velocity that enables them to be successful while balancing on one foot. To enable 
children to develop enhanced control of static posture, teachers and coaches can engage 
children in activities that require children to perform common gymnastics balances under 
conditions of reduced vision, while purposely swaying at different velocities, or to purposely 
sway towards the limits of their action boundaries. Another way children could be asked to 
balance under is while having ‘stiff’ knees, or ‘soft’ knees.   
6.2.3 – Limb dominance.  Previous research has presented conflicting results 
regarding preference for using one foot or the other during static balance (Armitage & 
Larkin, 1993; Clark & Watkins, 1984). While the size of the differences between non-
dominant and dominant feet were dependent on group, they did emerge to be significant in 
both groups (i.e., at phase two and three). In future, studies that investigate the performance 
of children during static balancing should include conditions of unipedal balancing on both 
the dominant and non-dominant foot. Future studies should also assess within-trial variation 
to allow for a more sensitive measure of postural stability that will enable researchers to 
distinguish between different groups or training methods of interest, in particular when 
investigating children within the known critical period of perceptual-motor development 
between the ages of 6.5 and 8 years old.  
Physical Education teachers should be aware that children will likely choose to 
perform physical tasks using dominant limbs and therefore, special attention should be 
devoted to assisting children to experience performing physical tasks with the non-dominant 
limb. The risk here is that children will make more errors, and may have some negative 
experiences during physical education that do not satisfy their need for success. However, 
carefully designed physical education activities could ensure that activities that are performed 
with the non-dominant limbs in such a way as to allow children the ability to succeed and 
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develop improved self-perceptions of competence. For example, the ‘stork’, ‘flamingo’ and 
‘scale’ balances are commonly practiced during educational gymnastics and are relatively 
simple, easily modified for increased or reduced difficulty and can be performed on firm or 
soft surfaces. These balances present physical education teachers and coaches with the 
opportunity to help children to develop improved static balance control on both dominant and 
non-dominant limbs.   
There may be particular combinations of sway regularity, sway area and sway 
velocity unique to children with diverse backgrounds or experience. An examination of the 
tripartite relationship between these postural sway variables in future studies may reveal how 
changes to postural control processes interact with regulation of degrees of freedom to 
influence postural stability and ultimately static postural performance. Further, investigation 
into the concept of a ‘Goldilocks Zone’ for each of these variables, sway regularity in 
particular, may be particularly informative. Previously, researchers have suggested there may 
be a zone of optimal variability in biological systems (Adolph et al., 2014; Stergiou et al., 
2006). This theory has yet to be supported by data with respect to the developmental 
trajectory of sway regularity during static balancing. It may be the case that should a 
‘Goldilocks zone’ for sway regularity in static balance be identified, teachers, coaches or 
movement educators could construct physical education lessons, or activities to enhance the 
self-organising behaviour of the perceptual-motor system and encourage functional and 
flexible variability in static postural control.  
6.3 – Dynamic Postural Control  
The dynamic postural control task, kicking a stationary soccer ball at a target, was 
particularly challenging for children in both groups. This task was used to investigate the 
preparatory and integrative postural control of children when performing a dynamic task that 
included a self-induced postural perturbation. While a general trend of improvement in 
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kicking accuracy was seen, neither the Gymnastic group nor the TPE group children made 
significant improvements to kicking success across the duration of the study. It may be the 
case that the way the test was conducted influenced the chances of detecting significant 
changes in kicking success. Similar to Matvienko and Ahrabi-Fard (2010), children were 
deemed to be successful if they were able to kick the ball and have it make contact with the 
target, which was a small sports cone that sat in mouth of a small portable soccer goal. The 
lack of measurement sensitivity in the definition of success (i.e., hit or miss) may have been 
too rigid to enable changes in performance to be detected across the short-, medium-, or long 
terms. If this activity was to be conducted again, rather than a ‘hit or miss’ criteria for 
success, a target with multiple zones of decreasing value from the centre of the target (e.g., 
see Chew-Bullock et al. (2012)) may be a more sensitive way to assess if children are 
becoming more accurate in kicking.   
6.3.1 – Skill transfer.  An alternative interpretation of the lack on improvement in 
kicking is that since the children in both groups did not practice kicking, any improvement in 
kicking ability would have been made via transfer of skills from gymnastics, or typical 
physical education activities to kicking a ball. The idea of transfer of skills between tasks is 
an issue that is being debated currently. Previously some researchers have suggested that 
more complex postural skills (i.e., dynamic postural skills) may not transfer to more simple 
postural tasks (Vuillerme, Danion, et al., 2001), others have suggested that skill level in a 
particular activity (i.e., novice or expert in soccer) influences postural performance in 
laboratory tests of postural control that have demands that are closely matched to those in the 
given sport (Paillard et al., 2006). Finally, the concept of donor sports has recently discussed; 
Travassos, Araújo and Davids (2018) and Strafford, Van Der Steen, Davids and Stone (2018) 
discussed whether skills from futsal and parkour, respectively, were able to be transferred and 
adapted to suit performance demands in other sports. The implication of the present studies 
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results is that transfer of skills learned in educational gymnastics or typical physical 
education to kicking a ball may not occur. The present study’s results reinforce the idea put 
forward by Haddad et al (2013) that postural control is task specific. While the ideas of donor 
sports, or that skills can be transferred between sports or physical activities that have similar 
demands is attractive, the emergence of sport specific postural skills may rely on the 
complex, dynamic interaction of task, organismic and environmental constraints that are 
idiosyncratic to that sport. For a developing child, however, participation in a variety of 
sporting or physical education activities is something to be encouraged to enable him or her 
to develop a range of athletic skills and self-perceptions of competence in physical activities.  
6.3.2 – Anticipatory and integrative postural adjustments.  Results showed that in 
general the Gymnastics group but not the TPE group children modified their anticipatory and 
integrative postural behaviour across the short-term when kicking. Previous studies have 
shown that children as young as 3 years old engage in preparatory postural behaviour in 
simple tasks like gait initiation (Assaiante et al., 2000; Ledebt et al., 1998), during 
locomotion (Hirschfeld & Forssberg, 1992), load lifting (Schmitz et al., 1999) and arm 
movements (Girolami et al., 2010). However, it appears from the results of this study that 
attempts children made to modify preparatory behaviour were characterised by relatively 
high variability. This may be because the task placed too many demands on the postural 
control system; that is, there were two tasks required of the postural control system, first, 
postural stability was required in the support leg and second, the striking leg was required to 
generate force for an accurate kicking attempt to be made. The combination of a particularly 
challenging task with children being in a critical period of perceptual-motor development 
resulted in some children modifying postural control towards more advanced strategies 
where-as others modified their postural control towards less advanced strategies. The more 
advanced APA or IPA strategies may have been to free degrees of freedom that control sway 
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in a particular direction (i.e., M/L) or sway slower to take advantage of information the 
perceptual-motor system provides for enhanced control, whereas a less advanced strategy 
may have been to freeze degrees of freedom or rely on a fast, pre-planned sway strategy.  
Despite the high variability, changes were generally more consistent within the 
Gymnastics group and significant changes between phases one and two made by this group 
were manifested in increased sway regularity. When the TPE group did make changes 
between phases one and two, the functionality of the changes made can be called into 
question. When modifying the degrees of freedom to control posture during the integrative 
postural period of kicking, the TPE group reduced the number of degrees of freedom, i.e., 
they constrained behaviour, controlling sway in the A/P direction; this is in direct contrast to 
the changes to the number of degrees of freedom (i.e., reduction) controlling M/L sway made 
by the Gymnastics group. Arguably, constraining behaviour in the M/L plane when lifting a 
leg off the floor is a more appropriate strategy due to the instability induced in the M/L plane. 
The increased appropriateness of the postural strategy enacted by the Gymnastics group came 
from the movement experiences resulting from the course of educational gymnastics. 
Potentially, typical physical education activities do not provide the opportunities for children 
to develop postural strategies that are as appropriate (i.e., control of M/L sway) as those 
provided by educational gymnastics. The present study’s results agree with previous research 
by Calavalle et al. (2008) who showed that compared to non-gymnasts, expertise in rhythmic 
gymnastics enabled better postural control, particularly in the M/L direction. Further, the 
educational gymnastics group made changes to APAs and IPAs across a shorter time frame 
compared to the TPE group. The activities practiced by the Gymnastics group acted as a 
catalyst for the development of more functional postural strategies, even though they did not 
result in improved kicking performance.  
6.3.3 – Effect of gender on dynamic posture. An effect of gender was found such 
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that young females in both groups made significant changes to APAs and IPAs between 
phases one and two whereas males made significant changes between phases two and three. 
Young females have been shown to have advanced postural control in static tasks (Mickle et 
al., 2011; Morris et al., 1982; Raudsepp & Pääsuke, 1995) and the results of the present study 
indicate that they also have advanced dynamic postural abilities. Whether teachers, coaches 
or movement educators are able to design courses of movement education that assist young 
males to develop similar postural skills to females has yet to be investigated. Educational 
gymnastics coaches or physical education teachers can assist young children to develop APA 
skills by engaging them in dynamic activities that require different anticipatory skills to be 
practiced, for example, jumping or hopping from hard surfaces or spring boards onto firm or 
soft surfaces (like thick foam landing mats). Other activities that require precise APA skills 
include throwing rhythmic gymnastics balls and partner counter-balancing skills. IPA control 
skills can be effectively developed using one of the most common tasks in gymnastics – 
‘dips’ along a balancing beam. This activity requires students to walk along a balance beam 
while swinging the non-support leg below the level of a balance beam; it is particularly 
demanding for young learners due to the significant destabilisation that the movement 
induces particularly in the M/L plane. Other dynamic activities that can assist children to 
develop IPA skills include moving in and out of various common one-foot balances (e.g., 
scale, stork and flamingo balances). Activities that may encourage boys to develop these 
skills include those that mimic sports-like activities, like throwing or rolling balls to a partner.  
6.4 – Self-Perceived Physical Competence  
To measure self-perceived physical competence the researcher guided children 
through the 18 questions of the modified athletic competence sub-scale of the Self-Perception 
Profile for Children (SPCC) (Southall et al., 2004). The modified scale asks children general 
questions about how well they feel they are able to perform FMS and at sports and games. 
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Previous research showed that children rate their own skills lower as they age and have 
increased awareness of the skills other children their age have (Jacobs et al., 2002; Ulrich, 
1987). Counter to predictions, all children, except Gymnastics group males, tended to 
improve self-perceived physical competence across the duration of the study. However, the 
only significant changes were made by Gymnastics group females and TPE group males.   
6.4.1 – Accuracy of self- perceived physical competence.  Interestingly, the 
Gymnastics group children did develop more accurate perceptions of their own skills, 
whereas the TPE group children did not improve. Furthermore, a gender effect was found as 
males in the Gymnastics group had significant correlations between kicking success and 
TPPC and POCC and females in the Gymnastics group had no significant correlations 
between TPPC or POCC and kicking or balancing success.  
This trend has not been shown previously (Crane et al., 2017; LeGear et al., 2012; 
Liong et al., 2015) prompting these authors to suggest that the influence of parents may have 
a stronger effect than engagement in physical activities on children’s self-perceptions of skill. 
Additionally, in the case of the present study, neither educational gymnastics nor typical 
physical education was able to overcome the lack of importance young girls place on object 
control skills and a general discounting of their own physical abilities (Crane et al., 2017; 
LeGear et al., 2012; Liong et al., 2015) and this contributed to the lack of significant 
correlations between perceived and actual competence in young girls. It is important that 
young females are assisted to recognise when they perform skills well and are encouraged by 
significant others, including parents, teachers and coaches, to participate in physical 
activities, including a variety of sports and games. Stronger emphasis needs to be placed on 
the development of young girls’ self-perceptions of competence and actual skills so that they 
are empowered to choose to engage in sports, games or physical activities. Parents, teachers 
and sports coaches could enable the improvement of young girls’ self-perceptions of 
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competence through positive feedback, designing activities that allow young girls to 
experience success and allowing young girls the opportunity to see older females succeeding 
in sports and exercise settings. Failure to do so may lead to young girls opting to not 
participate in physical activity, which may have flow on effects for their future physical and 
mental health and well-being (Strong et al., 2005).  
The relationship between physical activity and self-perceived competence has been 
shown to be important to the physical activity participation levels of children (Barnett et al., 
2008; Sallis et al., 2000; Stodden et al., 2008). In a somewhat concerning finding, TPE group 
males and females at times in the present study had negative correlations between perceived 
and actual competence. While the increase in perceived competence in the TPE group 
children may on the surface seem like a positive outcome, the significant strong negative 
relationship developed between TPPC and kicking may in fact be detrimental to their future 
physical activity levels as they discover that their self-assessments of competence do not 
match their actual levels of skill. On the other hand, the strengthening of the positive 
correlation between perceived and actual competence of the Gymnastics group children can 
be seen as a positive outcome.  
6.5 – Study Limitations  
This study had several limitations. The issue of sample size affected the outcome of 
statistical analysis performed on all data. Often, statistical differences between groups were 
not found likely due to the relatively small numbers in both groups, but mainly the TPE 
group. Postural control research into static unipedal balance has often performed with groups 
of similar size to those in the present study, but, when the effects of gender, or foot were 
investigated, the group sizes became smaller as genders were considered independently 
during analysis. The perceived competence analysis was affected more so than the static and 
dynamic postural analysis because of the sensitivity of the scale used to measure the self-
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perceptions of the children. Questions in the modified athletic sub-scale of the SPCC are 
answered using a 4-point Likert scale and this limits the possible answers children are able to 
provide. A similar problem existed in the study into the dynamic postural control during 
kicking. The performance measure for kicking was either hit or miss (the target). Children 
may have been better able to kick the ball closer to the target, but, since radial error (that is, 
the distance of the ball to the target) was not measured, the potential to discover if children 
were kicking more accuracy was somewhat limited. Additionally, the ecological validity of 
the kicking task was not high. Since the tasks were laboratory based and data collection 
involved ground reaction force data, the natural kicking behaviour of the children may have 
been limited.  
Another limitation was the age of the children. The present study was designed to 
study the effects of educational gymnastics and typical physical education on children during 
the known critical period of perceptual-motor development between the ages of 6.5 and 8 
years of age. This period is characterised by high between-child performance and kinetic 
variability. The combination of a small sample size and high between-child variability limited 
the detection of trends within data collected.  
Finally, no checks of the children’s attendance at school were performed. Some 
children may have had days away from school as a result of being ill and this may have led 
them to miss physical education lessons.  
6.6 – Contributions To Knowledge  
The results of this project have produced novel findings. The activities practiced by 
the Gymnastics group have mitigated the negative effects (i.e., increased postural and 
performance variability) of children traversing through the critical period of perceptual motor 
development between the ages of 6.5 and 8 years old. However, the educational gymnastics 
activities may have also limited improvement to performance between phases one and two. 
209 
 
So, while the variability in the changes made by the Gymnastics group to static balance 
performance was reduced, potentially the advancements to postural control strategies they 
were making across time may have limited their ability to enable changes to performance.  
A developmental trend of increased sway regularity (i.e., freezing degrees of freedom) 
during static balancing and kicking was identified. However, the changes to sway regularity 
did not necessarily coincide with changes to performance as predicted by the current postural 
control – sway regularity model.  
The findings of the present study highlight a problem with relying on linear measures 
(e.g., sway area and sway velocity) to track developmental trends in postural control. During 
the IPA period of the dynamic task, the Gymnastics group had larger sway area and faster 
sway indicating reduced postural stability and a less advanced postural control strategy, 
respectively. These results alone suggest that educational gymnastics may not be beneficial 
for young children. However, the Gymnastics group showed less constrained postural 
behaviour (i.e., reduced sway regularity – a non-linear statistic) compared to the TPE group. 
Less constrained postural behaviour is more flexible and adaptable and is considered a more 
advanced postural strategy. Taken together, the linear and non-linear results of the present 
study provide a richer understanding of how children’s dynamic postural control changes 
across time. These results show that reducing sway area and sway velocity may not 
necessarily be beneficial to improving performance. Additionally, the results show how 
children may be exploring the perceptual motor workspace for a novel solution to a dynamic 
task (i.e., by freeing or freezing degrees of freedom, increasing sway area or swaying faster).  
The educational gymnastics activities enabled children to make faster adaptations to 
static and dynamic postural control (sway regularity, area and velocity) across time compared 
to the TPE group. The Gymnastics group also made more appropriate change to APAs and 
IPAs in the dynamic postural task compared to the TPE group.  
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The results of the study into the effects of educational gymnastics on self-perceived 
physical competence found that the Gymnastics group were more accurate at assessing their 
own abilities comped to the TPE group and a concerning trend of negative correlations 
between perceived and actual competence were identified in the TPE group.  
6.7 – Future Research  
To continue to add to the knowledge generated by this study, investigations of 
gender–related mechanisms that influence balance performance are required. The inclusion of 
an eyes closed condition during unipedal balancing would allow for greater insight into the 
differences between genders in perceptual-motor mechanisms.  
Deeper investigation into the concept of a ‘Goldilocks Zone’ (Adolph et al., 2014; 
Stergiou et al., 2006) for each of the dependent variables calculated in the present study, sway 
regularity in particular, may be particularly informative. To investigate this idea, a 
longitudinal study that tracks children from approximately aged 5, through to age 11, or a 
cross sectional study of children aged, 5, 7, 9 and 11, adults and the elderly would allow for 
researchers to track the sway regularity across time and though proposed critical periods of 
perceptual motor development (e.g., between ages 6.5-8 years old). The currently identified 
limited potential that the postural control – sway regularity model (Anderson & Button, 2017; 
Roerdink et al., 2011) has to describe changes to postural sway regularity with age or training 
needs to be explored further by investigating a wider age range (e.g., including ages between 
5 and 12).  
Gymnastics training can take on many forms, educational gymnastics aims to assist 
young children to develop general movement skills, in particular FMS, whereas competitive 
gymnastics aims to produce gymnasts that are highly proficient at a variety of gymnastic 
disciplines, like tumbling, vaulting and bar work. Much of the previous research into the 
effect that gymnastics has on postural control has investigated competitively trained 
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gymnasts to other sports people. A comparison between educational gymnastics training and 
competitive gymnastics training would assist researchers to determine if the more focussed 
training that competitive gymnastics offers is needed to enable people to garner the benefits 
to the postural control system.  
With respect to the dynamic postural control study, a more sensitive measurement of 
accuracy is needed. For example, future research into the development of kicking 
performance should include measurement of the radial displacement from a central target to 
allow for smaller improvements to performance to be detected. A limitation of the present 
study was that the children kicked the ball from a standing start, rather than from a run up, 
while this allowed for the investigation of anticipatory postural adjustments during a dynamic 
task, this may have constrained the natural kicking behaviour of the children. Future research 
should therefore investigate the development of integrative postural adjustments of children 
when kicking from a run up.  
While sway area provides researchers with an indirect indication of static and 
dynamic postural stability, future research should continue to explore the use of 
contemporary non-linear techniques in search for more sensitive and potentially revealing 
statistics about postural stability. For example, Lyapunov exponents, which characterise local 
stability, can provide new insights into postural stability. For example, an increase to sway 
area may not necessarily indicate reduce postural stability, but rather it may indicate that a 
participant is searching the perceptual-motor workspace for a solution to a particular postural 
task; calculating the Lyapunov exponent for COP displacement during eyes closed quiet 
stance (uni- or bipedal) or during the preparatory period of a dynamic task could act as 
confirmation, or otherwise of instability under manipulated task constraints or as a result of 
training. In line with this, future research should employ the use of non-linear techniques 
including sample entropy or Lyapunov exponents to examine the development of postural 
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abilities of children who have trained in sports other than gymnastics. This would provide 
greater insight about how the control of degrees of freedom changes or how local stability 
during static or dynamic postural tasks changes with development. Further, other 
contemporary analysis techniques (e.g., artificial neural networks) could be used to tease out 
important information from postural sway data.  
Future research into how the self-perceived physical competence of children changes 
with physical activity should investigate the effects of other specialised forms of bodily 
training, for example, dance, martial arts, Pilates or yoga. The aforementioned types of 
training have a focus on bodily control and awareness rather than control of objects like more 
traditional sports, i.e., soccer, rugby, cricket or tennis, and given the increased accuracy of 
self-perceived physical competence gymnastically trained children had compared to the TPE 
group it may be that increased self-awareness (i.e., somatic knowledge) is an important 
foundation of self-perceived physical competence.  
The present study’s investigation into the accuracy of children’s assessment of their 
own abilities revealed a concerning negative relationship between perceived and actual 
competence; more research needs to be done to determine if this result can be replicated. A 
larger study of the self-perceived and actual physical competence of children who participate 
in typical New Zealand physical education should be conducted to remove the possibility that 
the results are limited by relatively high within-group variability introduced as a result of 
small sample size. In line with other studies (Duncan et al., 2018; LeGear et al., 2012) a 
sample size of ~260 may assists researchers to more clearly reveal trends in changes to the 
relationship between perceived and actual physical competence of children as they traverse 
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8.0 – Appendices 
Appendix 1  
Self-Perceived Physical Competence. Self-perceived physical competence was 
assessed using the modified Athletic Competence subscale of the Self-Perception Profile for 
Children (SPPC) (Southall et al., 2004).  
1. Some kids don’t do well at new outdoor games, but other kids are good at mew games right away. 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
2. Some kids wish they could be a lot better at sports, but other kids feel they are good enough at sports. 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
3. Some kids do very well at all kinds of sports, but, other kids don’t feel that they are very good when it 
comes to sports 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
4. Some kids think they could do well at just about any athletic activity, but, other kids are afraid they 
night not do well at a new athletic activity. 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
5. Some kids feel that they are better than others their age at sports, but other don’t feel they can play as 
well. 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
6. In games and sports some kids usually watch instead of play, but other kids play rather than watch 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
7. Some kids do well at games that involve kicking balls, but other kids don’t feel that they do well at 
games that involve kicking balls 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
8. Some kids do well at games that involve catching balls, but other kids don’t feel that they do well at 
games that involve catching balls. 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
9. Some kids wish they were able to run fast, but other kids feel they are able to run fast 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
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10. Some kids do well at games that involve overhand throwing, but other kids don’t feel that they do 
well at games that involve overhand throwing. 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
11. Some kids do well at games that involve underhand throwing, but other kids don’t feel that they do 
well at games that involve underhand throwing. 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
12. Some kids feel they are not able to jump far, but other kids feel they are able to jump far. 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
13. Some kids are good at dribbling or bouncing balls, but other kids don’t feel they are good at dribbling 
or bouncing balls. 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
14. Some kids do well at games that involve striking (hitting) a ball, but other kids don’t feel that they do 
well at games that involve striking (hitting) a ball 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
15. Some kids don’t feel they are able to gallop well, but other kids feel they are able to gallop well. 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
16. Some kids can leap far, but other kids don’t feel they are able to leap far. 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
17. Some kids don’t feel they are able to hop well, but other kids feel they are able to hop well 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
     
 
18. Some kids can side gallop well, but other kids don’t feel they are able to side gallop well. 
Really true for me Sort of true for me BUT Sort of true for me Really true for me 
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Appendix 2  
Lesson Notes  
Warm up The warm up for all lessons should last approximately five minutes. 
Main lesson The main lessons consist of ‘stations’: stations are separate activities that 
students complete in small groups in their own part of the room. The activities at each station 
should be practiced for 5 minutes at a time before moving on. At the start of the main lesson, 
the teacher should give some verbal instructions about technique and safety and demonstrate 
the activities to the students. During the main lesson, the teacher should move between the 
stations to give advice to students. 
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Lesson One  
Aim:  
To engage students in activities that encourages them to explore various basic and advanced unipedal, 
bipedal and quadrupedal locomotor techniques. 
Objectives:  
 Students will practice moving round the practice space using various basic bipedal locomotor 
techniques including walking, running, skipping and jumping. 
 Students will practice basic unipedal locomotion techniques (i.e., hopping). 
 Students will practice various four limbed locomotion techniques (e.g., modified crawling). 
 Students will practice and explore the application of the basic locomotor techniques within dynamic 
environments and through each plane of movement. 
Fundamental Movement Skill Development:  
Basic and advanced locomotion. 
Gymnastics Apparatus: 
Floor. 
 Pedagogical Points Resources Used 
Warm Up Activities 
Beans The teacher calls out a movement style and 
students move around the gym in that style. When 
a new command is given students perform the new 
movement style. 
* Runner beans – Running, 
* Jumping beans – Two footed jumps, 
* String beans – walk on high toes with arms 
stretched above head, 
* Broad beans – walk with legs and arms 
stretched as wide as possible, 
* Jelly beans – move around with ‘wobbly’ 
legs and arms, 
* Baked bean – tucked position on floor, 
* Beans on toast – lie on back in a star shape, 
* Full of beans – skip around the room. 
Gym floor 
Main lesson – Small group stations 
Station one 
Walking 
Students perform locomotion in random directions 
(i.e., they may change directions whenever they 
please) while listening out for teacher’s cues to 
change movement style: 
* Walking on heels, 
* Walking on toes, 
* Walking on outside of feet, 
* Walking on inside of feet, 








Skipping and hopping 
 
Students perform the movement styles between 
cones/markers placed about 5 metres apart. 
* Skip forward to cone, skip backwards to 
cone (cones are approximately 5 metre 
apart), 
* Hop 5 x left foot,5 x right foot forward to 
cone then backwards to cone, 
* Change sound characteristics of movements 
e.g. as quietly as you can, making as much 
noise as you can, 
* Hop as high as possible, and then, hop as 




Locomotion on the 
feet 
Students perform the movement styles between 
cones/markers in a zigzag pattern.  
* Agility run – zigzag between cones running 
(forward, backward, sideways). 
* On the way back to the start, students 
perform an animal walk. Teacher calls out 
the movement style; 
o Kangaroo, 
o frog jumps, 
o duck, 
o crab. 
For a description of the animal movement 
styles see the Lesson one supplement. 
5 cones/markers placed 
in a straight line 
approximately 1.5 meters 
apart. 
 
Main lesson – Whole group activities 
Station one 
Locomotion with 
hand support (Animal 
walks) 
Divide the whole group into 4 or 5 teams. This 
activity can be performed as a race, or just for fun. 
* The teams are lined up one person behind 
another and the teams should be about 2 
metres apart.  
* One at a time each student performs an 
action to the other end of the gym and then 
back to their team. Once one student 
returns, the next leaves to complete their 
turn. 
* Teacher calls out the movement style; 
o Bear walk, 
o caterpillar walk, 
o scorpion walk, 
o crab walk, 
o spider walk, 
o bunny hops.  
For a description of the animal movement 






Students sit in a circle facing inwards with their 
coloured item sitting in front of them. Teacher calls 
out a colour and those students with that colour in 
front of them perform the type of locomotion 
around the circle, returning to their original place 
in the circle. 
* Teacher calls out the movement style then 
colour. 
* Animal walks, running, walking, skipping 
or jumping. 
Coloured hoops, or other 
coloured item, enough 
for one item per student. 
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Lesson Two  
Aim:  
To engage students in activities that will involve basic jumping and landing techniques. 
To prepare students for upcoming dynamic jumping and landing activities. 
Objectives:  
 Students will practice activities and play games that involve jumping and jumping related movements. 
 Students will jump in response to external cues and jump under their own initiation.  
Fundamental Movement Skill Development:  
Advanced locomotion.  
Gymnastics Apparatus: 
Floor. 
 Pedagogical Points Resources Used 
Warm Up Activities 
Locomotion hoops 
 
Hoops (one hoop per student) are scattered around 
the floor in the gym (have about ~2 meters in 
between each hoop).  
Students perform locomotion in random directions 
around and between the hoops; the teacher calls out 
the movement style and provides an external cue, 
such as a whistle or clap, for students to respond to. 
When the students hear the cue, they move towards a 
hoop and perform a jump type movement into the 
hoop. The teacher can change the movement style 
after each jump; 
* Running forwards, 
* running backwards,  
* hopping, 
* skipping, 
* bear walk, 
* spider crawl, 
* bunny hops, 
* scorpion walk. 
Students listen to teacher for instructions for the next 
type of movement: 
* jump out of hoop and continue to move using 
the movement style called out by the teacher, 
* jump in and out of your hoop, forwards and 
backwards, repeatedly, 
* jump side to side in and out of hoop, 
repeatedly, 
* jump half turn in and out of hoop, repeatedly. 
1 hoop per student. 
Main lesson – Teaching movement skills 
Teach landing 
technique 
Teach “motor bike” landing. Students will perform a 
small jump to a controlled landing from either a 
stationary position, or from a run, or skip.  
* Students are asked to stand quietly on one leg. 
On the teacher’s cue (e.g., a clap, or whistle) 
students leap from one leg and land softly on 
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two feet using the ‘motor bike’ technique. 
* Students skip around the floor and on the 
teacher’s cue (e.g., a clap, or whistle) students 
leap from one leg and land softly on two feet 
using the ‘motor bike’ technique. 
For a description of the motor bike technique see 
the lessons supplement. 
Main lesson – Small group stations 
Station one 
Landing correctly on 
the feet 
Students will practice landing using the appropriate 
technique after jumping off a low-raised surface. 
* Jump off box/bench to land on feet – students 
are encouraged to use the ‘motor bike’ 
technique and to land ‘quietly’ and to be ‘still 
as a statute’ when they land. 
* Students’ practice jumping forwards, 
backwards and sideways off the low-raised 
surface, each time, landing quietly and softly, 
using the appropriate ‘motor bike’ technique. 
* Play game – Stick.  





2 cones are set up 5 meters apart. Students perform 
various combinations of jump types from one cone 
to the other, e.g., forwards jumps, or 180° spins left 
and right. 
* Jump two feet close together, repeat 3 times 
* Jump feet wide (shoulder width) – jump 
forwards, jump and spin on the spot (turning 
left) 180°, jump and spin on the spot (turning 
right) 180°, repeat this sequence. 
* Jump feet wide – hoop one to hoop two – 
jump and spin 180° (tuning left), hoop two to 
hoop three – jump 180° (turning right), repeat 
along all hoops, each time alternating the spin 
direction. 





jumping for distance 
Students try to do a jump as far forwards along the 
floor as they can. Part A – students’ jump from a line 
on the floor onto a mat. Part B – students jump 
repeatedly from one hoop to another (hoops are laid 
out in a straight line about ½ metre apart). 
* Single standing long jump forwards – from 
line on the floor as far as possible – students 
are encouraged to swing their arms forwards 
as much as possible on take-off. 
* Hoop hop – Repeated long jump from two 
feet to two from one hoop to the next, at least 
three jumps in a row. 
3 hoops 




jumping for height 
Students practice jumping as high as they can. 
* Students perform three jumps on mini-tramp 
then jump high off the mini tramp to land 
softly and quietly on the floor mat. 
* Students standing quietly on the floor and 
jump over obstacles landing quietly and softly 
(jump from two feet to land on two feet). 
1 mini-tramp 
1 landing mat 
5 cones/objects to jump 
over. 
Main lesson – Whole group activity 
Jumping train  
* Each student is given a hoop.  
* Team lines up with their hoop 
* Each student places the hoop over themselves and the person in front of them. The hoop is then 
held with two hands at hip height. 
* The team then tries to jump forwards as one chain (every person in the chain jumping and landing 
at the same time) – following the timing of the person in front of them. 
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Lesson Three  
Aim: 
 To engage students in activities that assist with the development of static balance. 
Objectives:  
 Students will practice performing static balances with one, two three and four points of contact with 
the floor. 
 Students will practice balancing in a variety of poses with their eyes open and eyes closed.  
 Students will practice using their arms and legs to support their body in a static position. 
Fundamental Movement Skills Development:  
Static balance. 
Gymnastics Apparatus:  
Floor. 
Activity Pedagogical Points Resources Used 
Warm Up Activities 
Candle sticks 
 
Students will play the ‘tag’ game candlesticks. 
Two students will act as ‘taggers’ and other 
students try to avoid being tagged. Each round 
should last about 90 seconds – each new round, 
two more ‘taggers’ are chosen. 
* Round one – Students who are not taggers 
run around the room. 
* When students are tagged they stand still in 
a star position (legs in a straddle position 
and arms stretched up and wide). 
* Students who have been tagged can be set 
free by having another student crawl 
between their legs. 
* Round two – Students who are not taggers 
skip around the gym.  
* When tagged, students will hold a front 
support position. 
* Students who have been tagged can be set 
free by having another student crawl under 
them. 
* Round three – Students who are not 
taggers hop around the gym. When tagged 
hold back support (reverse press up) 
position (belly faces the roof). 
* To be set free a participant must perform a 
two footed jump over. 
For a description of the straddle, front and 




Balance Students will perform two feet (ankles close 
together and touching) then one-foot balances with 
eyes closed. 
* Students are encouraged to try and balance 
for as long as they feel they can (could be 
encouraged to count to 5) and to be very 
still. 
* Students are encouraged to have their arms 
wide to assist them with their balance. 
* Students are also encouraged to ‘feel their 





Front support army 
crawl 
Students will perform front support (press up 
position) and have other students crawl underneath 
them. 
* The team lines up side by side (shoulder to 
shoulder) in a front support position. 
* On a verbal command – ‘go’ – from the 
teacher, the person at one end of the line 
drops out of front support and crawls under 
their team to the other end of the line and 
goes back up into front support and calls 
out ‘next!’. 
* Game finishes when all students have 
crawled underneath their team. 
* Students are encouraged to be strong in the 
shoulders, to push down through the floor 
and to make sure there is enough room 
underneath them for their peers to crawl 
underneath them. If students are having 
difficulty with this balance, they can be 
encouraged to have their feet wider apart 
and not close together. 





The teacher lays out cards (with combinations of 
body parts written on them) on the floor and 
students perform a static balance based on the 
information on the card. 
* Students pick a card and make a balance of 
their own creation then pick another card 
and make another balance. 
Balance cards. (The 
cards have different body 
parts on them. E.g. one 
foot & two hands, two 
knees & two hands, one 





Students will practice a standard basic gymnastic 
balance – the scale balance. A scale balance is 
performed when the student stands on one foot and 
lifts the non-support leg up so that it is parallel to 
the floor and pointing backwards, arms are 
generally held out perpendicular to the spine to 
assist with balance. 
* Attempts one – three: Normal scale balance 
(as described in the lesson three 
supplement) – leg lifted and pointing 
backwards. 
* For the following attempts on the variations 
of the scale balance, students are 
encouraged to explore the where they want 
to put their arms to maintain balance.  
* Attempts four – six: Reverse scale – leg 
lifted and pointing forwards (with a partner 
first, then on own). 
* Attempts seven – nine: Sideways scale – leg 
lifted and pointing sideways (with a partner 
then on own). 




Back support ball roll 
In groups of 5 – 6, students are lined up along the 
floor in back support and will have a student roll a 
ball underneath the team from one end to another. 
Repeat so each student has a turn to roll the ball 
underneath their peers. 
* Students are encouraged to feel strong in 
the shoulders and lift their belly buttons up 
as high as they can so the ball can roll 
underneath them. 
For a description of the back support see the 
lessons supplement. 
1 small ball 
Points of contact game 
* Students move around the gym in a style called out by the teacher, e.g., walking (forwards, or 
backwards), hopping, skipping etc. 
* Teacher calls out the number of body parts that are allowed to touch the floor e.g. 2. 
* Students then place that number of body parts on the floor e.g. for 2 they could place 2 feet, or 
one foot and one hand, or one elbow and one foot. 




Lesson Four  
Aim: 
To introduce students to whole body rotation movements. 
To develop students’ awareness of whole-body rotation and spinning movements. 
Objectives: 
 Students will practice basic rolling techniques, including rolling in a tucked position and on their 
backs, forwards and backwards. 
 Students will practice rolling from tuck and straddle positions. 
Fundamental Movement Skills Development:  
Advanced locomotion (rolling and spinning). 
Gymnastics Apparatus: 
Floor. 
 Pedagogical Points Resources Used 
Warm Up Activities. 
Sheep tag 
 
Students will play a tag game. Two students will 
act as ‘taggers’ and other students try to avoid 
being tagged. Each round should last about 90 
seconds – each new round, two new ‘taggers’ are 
chosen. 
* Round one – Students run around the 
room. When tagged they move, on hands 
and feet (but not crawling, knees not 
touching the floor) over to a marked section 
on the floor at the side of the game area. 
* In the marked section the tagged student 
lies on their back with feet and arms in the 
air making a sheep noise. 
* To be set free another student rolls the 
person over sideways. Both students can 
then re-join the game. 
* Round two – Students skip around the 
room. 
* Round three – Students hop on one foot 
and are encouraged to swap the foot they 
hop on half way through the round (the 
teacher could provide a cue to prompt the 
change). 
Blue mats scattered on 
the floor (or other items 
that can be used to create 
a marked section on the 
floor). 
Main lesson – Teaching movement skills 
Whole group 
activity 
Students are asked to find their own space in the 
room to perform the following activities. 
* Teach ‘rocking’ backwards & forwards. 
Students sit on the floor and bring their legs 
up into a tucked position and hold onto their 
knees with their hands. They are 
encouraged to gently lean back so they roll 
backwards onto their back slowly and then 
forwards back up towards their original 




encouraged to ‘round out’ (bend) their back 
to make the roll feel smooth. 
* Teach rocking side to side. Students sit on 
the floor and bring their legs up into a 
tucked position and hold onto their knees 
with their hands. Students are encouraged to 
roll to the left, and then to the right. Repeat. 
* Teach straddle position.  
* Teach tuck position. 
For a description of the straddle and tuck 
positions see the lessons supplement. 
Main lesson – Small group stations 
Station one 
Forward rolls from a 
straddle position 
Students will practice performing a forward roll 
from a straddle position. 
* Students are encouraged to remember to 
take some of the weight of their body with 
their arms, to tuck their chin in towards 
their chest and to bring their legs in to their 
body and make a ball shape when they are 
rolling. 
* Students are encouraged to try and stand up 
at the end of the roll. 
For a description of the straddle position see 
the lessons supplement. 
Blue mats 
Station two 
Rocking – forwards 
& backwards 
Students practice rocking forwards and backwards, 





Students practice rolling sideways. Students start 
by sitting on the floor on their knees (legs are 
tucked underneath the body). Students first lower 
their upper body towards their legs, then, roll to the 
side over their back and finish by returning to the 
original position, crouched on their knees.  
* Students are encouraged to perform this 
movement rolling to the left and the right. 
 
Station four 
Forward rolls from a 
tucked position 
Students will practice performing a forward roll 
from a tucked position. 
* Students are encouraged to remember to 
take some of the weight of their body with 
their arms, to tuck their chin in towards 
their chest and to bring their legs in to their 
body and make a ball shape when they are 
rolling. In addition to this, students are 
encouraged to make a big push forwards 
with their legs so that the roll travels along 
the floor. The teacher can ask the students 
to roll towards a target about a body length 
away from the student.  
* Students are encouraged to try and stand up 
at the end of the roll. 
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* If the resources are available, the teacher 
can start this activity by using a 
beatboard/springboard and a vaulting box 
top. This provides a downwards sloping 
surface for the students to roll down, aiding 
them in the roll, and reducing the amount of 
forwards prolusion the student needs to put 
in. 




Students start by lying in a stretched position on 
stomach (arms reaching up above the head); 
students then are encouraged to roll sideways over 
onto back then back over to stomach. Movement is 
to be made using the abdominals and hip, and not 
the arms. 
* Students are encouraged to perform this 
activity rolling to the left and to the right. 
1 small ball 
Group activity –Sausage rolls. 
Teacher organises the whole class into small groups of about 4, or 5, students.  
* Each group’s students lie down on their stomach with arms and legs stretched out in one long 
line (each student holds onto another student’s ankles, except for the first student in the line). 
* The group rolls sideways all at once trying to get to the end of the mat as one unit. 
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Lesson Five  
Aim: 
To reinforce the students’ knowledge and skills in rolling. 
Objectives:  
 Students’ will practice forwards rolls from various positions. 
 Students will learn backwards rolls with and without assistance. 
Fundamental Movement Skills Development:  
Advanced locomotion – Rolling. 
Gymnastics Apparatus: 
Floor mats. 
 Pedagogical Points Resources Used 
Warm Up Activities 
Rocking tag Students play a game of tag. Teacher chooses two 
students to be ‘in’ (taggers). 
* Round one – Participants who are not 
taggers run around the room 
* When tagged students move on hands and 
feet (knees not touching the floor) over to a 
blue mat (marked area). 
* At the blue mat/marked area the tagged 
participant performs 3 tucked rocks, to 
stand. 
* They can then re-join the game – running 
around 
* Round two – skipping, round three – 
jumping two feet together. 
For a description of the tucked rock movement see 
the lessons supplement. 
Blue mats scattered on 
the floor (or other item 
used to mark areas on the 
floor). 
Main lesson – Teaching movement skills 
Station one 
Forward rolls from a 
straddle position 
Students will practice performing a forward roll 
from a straddle position. 
* Students are encouraged to remember to 
take some of the weight of their body with 
their arms, to tuck their chin in towards 
their chest and to bring their legs in to their 
body (tuck) and make a ball shape when 
they are rolling. Students can be 
encouraged to quickly grab their knees 
while rolling to help them get into a small 
tucked position. 
* Students are encouraged to try to stand up 
at the end of the roll. 






Students practice the tucked rock movement and 
after three or four repetitions of the rocking 
movement, they attempt to stand up. 
* Students are encouraged to reach their 
hands forward to stand up. 
For a description of the tucked rock movement see 
the lessons supplement. 
Gymnastics mats 
Station three 
Backward rolls down 
a slope 
Students practice rolling backwards with 
assistance. 
* Student sits on the raised end of the 
beatboard/springboard with his, or her, feet 
on the floor and facing away from the 
lower end of the spring board. Student then 
tips backwards and rolls over his, or her, 
shoulder while tucking his, or her, knees in 
to the chest. Students are encouraged to 
use their hands to support the roll over the 
neck and head. 





Students practice rolling sideways.  
* Students start by sitting on the floor on 
their knees (legs are tucked underneath the 
body). Students first lower their upper 
body towards their legs, then, roll to the 
side over their back and finish by returning 
to the original position, crouched on their 
knees.  
* Students are encouraged to perform this 





Students practice rolling backwards, without 
assistance.  
* Students start by sitting on the floor, with 
their knees bent and their feet close to their 
body flat on the floor. Students are 
encouraged to lean backwards and to roll 
backwards and to tilt their head to one side 
to allow them to roll over one should and 
on to their feet. 
* Students are encouraged to try to roll over 
both the left and the right shoulders, 
alternatively. 
 
Group activity –Sausage rolls 
* Teacher organises the whole class into small groups of about four, or five, students.  
* Each group’s students lie down on their stomach with arms and legs stretched out in one long 
line (each student holds onto the ankles of the student in front of them, except for the first 
student in the line). 
* The group rolls sideways all at once trying to get to the end of the mat as one unit. 
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Lesson Six  
Aim:  
To introduce students to basic and advanced techniques used for jumping and landing. 
To involve students in group jumping activities. 
Objectives:  
 Students’ will practice horizontal jumping forwards, backwards and sideways. 
 Students’ will practice vertical jumping. 
 Students’ will practice landing. 
 Students’ will practice performing 180° and 360° jumps. 
 Students’ will practice jumping over objects. 
 Students’ will practice jumping in synchrony with other students. 
Fundamental Movement Skill Development:  
Locomotor skills – jumping and landing 
Gymnastics Apparatus: 
Floor 
 Pedagogical Points Resources Used 
Warm Up Activities 
Sharks and islands Students play a tag game. Hoops are scattered 
around the gym and two students act as taggers 
(sharks). Hoops are safe or no-tag zones (islands). 
There is a ‘mainland’ (formed by gymnastics floor 
mats); this is where students who have been 
tagged must go to in order to set themselves free 
in order to re-join the game. The mainland is 
located at one end of the gymnasium. 
* Taggers chase participants around the 
gymnasium attempting to tag them. 
Participants are safe (and unable to be 
tagged when standing in a hoop (island). 
Only one person is allowed in a hoop. If a 
student (b) jumps into a hoop already 
occupied by another student (a), student (a) 
must jump out.  
* If a student is tagged, they must perform 
two-foot jumps over to the main-land. 
They then perform 3 ‘rocks to stand’ and 
may re-join the game. 
For a description of the tucked rock movement see 
the lessons supplement. 
5 hoops 
2 floor mats 
Individual jumping Each student is given a hoop and performs each 
jumping activity starting inside the hoop. 
* Stand in hoop – jump upwards, swinging 
arms upwards when jumping up. 
* Jump forwards out of the hoop with 
forwards arm swing. 
* Jump backwards into hoop using 
backwards arm swing. 
* Jump sideways out of hoop using sideways 
1 hoop per student 
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arm swing. 
* Jump 180 turn in hoop. 
* Jump 360 turn using arm swing. 
Station one 
Landings 
Students perform each type of jump at least three 
times. Students are encouraged to land quietly and 
to remain very still once they land on the floor. 
* Students jump off box/bench to land on 
feet forwards. Students are encouraged to 
land ‘quietly’. 
* Students perform a 180° rotation during a 
jump off box/bench. 
* Students perform a 360° rotation during a 
jump off box/bench. 
4 boxes/benches 
Station two 
Jumping for length 
Students perform horizontal jumps as far as they 
can. Students work in pairs or groups of three. 
* Students use cones to mark how far their 
partner can jump. Each student performs 
three jumps, then the other student jumps. 
2 cones per pair (or 
group of three) 
Station three 
Jumping in different 
directions 
Students perform jumps in different directions. 
Students are encouraged to swing arms in the 
direction they are jumping. 
* 5 hoops placed on the floor with one hoop 
in the middle (‘base’) of four hoops around 
the outside of the middle hoop (e.g., 
‘North’, ‘South’, East’ and ‘West’ 
positions) – see diagram. 
* Student starts in the middle hoop – ‘base’. 
* Jump forwards, land and be still, then jump 
back to base. 
* Jump right, land and be still, then jump 
back to base. 
* Jump backwards, land and be still, then 
jump back to base. 
* Jump sideways, land and be still, then 





Jumping for height 
Students perform jumps 1) from a mini-trampoline 
on to the floor and 2) from the floor over an 
obstacle. Students are encouraged to swing arms 
in the direction they are jumping, to land quietly 
and be still on landing. 
* Students start standing on the mini-
trampoline and perform three jumps on the 
mini- trampoline then jump off the 
trampoline and on to the floor.  
* Students jump over cones or other 
obstacles.  
1 mini-tramp 
1 landing mat 
5 cones/objects to jump 
over. 
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Group Activity – Jumping train 
* Each student is given a hoop. 
* All students line up one in front of another. 
* Each student places the hoop over themselves and the person in front of them. The hoop is then 
held at hip height. 
* The team then tries to jump forwards as one chain. Each student must jump in time with all 
other students. 
* If space is limited, two teams could be formed instead of one. 
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Lesson Seven  
Aim: 
To engage students in static and dynamic balancing. 
To introduce students to new types of balance. 
Objectives: 
 Students will practice new static balances. 
 Students will practice new dynamic balances. 
Fundamental Movement Skill Development:  
Postural control – static and dynamic balance. 
Gymnastics Apparatus: 
Floor 
 Pedagogical Points Resources Used 
Warm Up Activities 
Group balance Teacher calls out a style of locomotion and 
students perform it around the gym, e.g. running, 
skipping, crab crawl, spider crawl. Teacher also 
calls out different instructions. 
* Teacher calls out locomotion style and 
students perform it. Each movement style 
should be performed for at least 10 
seconds. 
* Teacher calls out a number (n) – children 
make a group of size n. 
* Teacher calls out the number of body parts 
(e.g., 7) that need to be placed on the floor 
as a group – students quickly decide as a 
group how to place that number of body 
parts on the floor and hold the position 
they are in for 5 seconds. 
 
Group Activity 
Front Support, back 
support, side support 
In the own space in the room, students practice 
holding static balances that involve the upper and 
lower body. Initially, students are encouraged to 
hold these positions with their forearms on the 
floor, then, once the general body position has 
been learned, students can be encouraged to hold 
each position with the hands on the floor. 
* Students hold front support (normal press 
up position – forearms/hands on floor, toes 
on floor – body in straight position). 
* Students hold back support (reverse press-
up position, hands on floor, heels on floor 
and belly facing the roof – body should be 
in a straight position). 
* Students hold side support (normal press-
up position rotated 90°, one forearm/hand 
on floor, hip/ear facing the roof, side of 




* Advanced activity – students a encouraged 
to move from one position to another (e.g., 
from front support, to side support, then to 
back support – each support position 
should be held for at least 5 seconds). 
Station one 
Static balance - 
Balance cards  
Students perform static balances as describe on 
cue cards. Each balance should be held as still as 
possible for at least 5 seconds. 
* Cards with shapes relating to a specific 
body part are placed on the floor. 
* Children select are card and perform the 
static balance on the card. 
Balance cards 
Station two 
Static single leg 
balances 
Students perform a specific gymnastic balance and 
some modifications of that balance. Each balance 
should be held as still as possible for at least 5 
seconds. 
* Students perform a scale balance.  
* Students perform a stork balance. 




with multiple points of 
contact. Spiderman & 
Superman “aka Hot 
Lizard”. 
Students perform dynamic balances using multiple 
points of contact with the floor. Students perform 
the dynamic balances while moving around an 
obstacle course or while stationary. At certain 
points on the obstacle course there are ‘hot-spots’; 
at hot-spots students must stop moving in the 
direction they are travelling and perform a 
stationary dynamic balance. 
* Spiderman crawl (students perform a 
modified crawl - place hands on floor, but 
no knees on the floor). Students perform 
the Spiderman crawl around an obstacle 
course (course involves zigzag crawls) – 
see diagram. 
* At hot spot (see circles on diagram) pause 
and lift opposite arm & leg off the floor 
four times (i.e., Superman’s). 
 
Group activity – Partner balances 
Students work in groups of two (or three if needed). 
* Students are standing, facing towards each other, toes touching, hold hands and leaning away 
from each other. Repeat facing away from partner (except with heels touching). Hold each 
balance for at least 5 seconds. 
* Balance in V shape with feet together – students sit on floor, with legs straight and lifted off the 
floor and feet touching partner’s feet. 
* Star balance – students stand side-by-side with the feet closest to each other off the ground and 
touching and holding hands. 
* Chair balance – students stand with their backs together and lower themselves down so their 
knees are at 90 degrees) 
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Lesson Eight  
Aim:  
To develop students’ ability to perform dynamic jumping and landing techniques. 
To enhance the students’ locomotor pointing skills. 
Objectives: 
 Students will practice jumping into, and out of a hoop. 
 Students will practice landing techniques. 
 Students will practice jumping after using different styles of locomotion. 
 Students will practice jumping forwards and sideways. 
Fundamental Movement Skill Development:  




 Pedagogical Points Resources Used 
Warm Up Activities 
Traffic lights game Students play a game that involves various forms 
of locomotion and jumping. The teacher calls out 
the style of locomotion and the speed (the speed 
can be changed every 10 – 15 seconds).  
* Green = fast locomotion. 
* Orange = slow locomotion. 
* Red = stop (jump from one foot to land on 
two). 
* Styles of locomotion to be used – walking, 





Students are given a hoop each.  
* Each student walks up to hoop and jumps 
from one foot (outside of hoop) to two feet 
(inside of hoop) and lands in the take-off 
position (hands and arms stretched out in 
front of the body ready to be swung 
backwards). 
* As above – progress to jumping out of 
hoop. After landing, student allows arms to 
swing backwards, then forwards as they 
jump out of the hoop. 
* As above – hoop is “hot”; student is 
encouraged to jump out of the hoop 
quickly after they land. This requires the 
students to anticipate the landing and while 
they are in the air they should swing their 
arms backwards so they land with their 
arms behind them – this will allow the 
students to jump very quickly out of the 
hoop without needing to wait while they 
swing their arms backwards after landing. 
1 hoop per student. 
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* As above, but from a run-up. 
Station one 
Run and jump 
forwards 
Students practice the last group learning activity.  
* Run and jump (from one foot to two) into 
hoop, jump straight out. 
1 hoop. 
Station two 
Box to beatboard jump 
Students practice walking along a raised surface 
then jumping off the raised surface and on to a 
beatboard. 
* Students are encouraged to walk along the 
raised surface (2 – 3 levels of vaulting box, 
or a bench) and take off from one foot to 
land on the beatboard, students’ spring off 
the beatboard and jump high to land 
quietly on the floor. 
* Students can also perform star-jumps and 
tuck jumps. 
1 beat-board 
1 landing mat 
Station three 
Jumping – sideways. 
Students practice running forwards, perform a 
jump forward then, immediately on landing, a 
sideways jump. 
* Three hoops are laid on the floor next to 
each other (running left to right). 
* Students run forwards and jump to land in 
the middle hoop, and then, immediately on 
landing, they jump either left, or right, into 
one of the other hoops. 
3 hoops 
Station four 
Box to mini-tramp 
Students practice walking along a raised surface 
then jumping off the raised surface and on to a 
beatboard. 
* Students are encouraged to walk along the 
raised surface (2 – 3 levels of vaulting box, 
or a bench) and take off from one foot to 
1 mini-tramp 
1 landing mat 
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land on the beatboard, students’ spring off 
the beatboard and jump high to land 
quietly on the floor. 
* Students can also perform star-jumps and 
tuck jumps. 
Group activity – Jumping relay game 
* Students, in two teams, line up side by side lying on tummy (gap in between each student 
should be large enough for a person to jump into). 
* The first person jumps over each team member until they reach the end of the line and then runs 
back to where they came from. 
* They lie down and the next person begins jumping. 




Lesson Nine  
Aim:  
To engage students in activities that assists them to develop their object manipulation and tracking 
skills. 
To engage students in activities that requires them to interact with others when manipulating objects. 
To involve students in partner activities where students need to work with each other to achieve a goal. 
Objectives: 
 Students’ will practice rolling, throwing, bounce passing and catching a ball with a partner. 
 Students will work with a partner to carry a ball without using their hands. 
 Students will work with a partner to create different static partner balances with a ball. 
Fundamental Movement Skill Development:  
Object control.  
Apparatus: 
Rhythmic gymnastics equipment: Small balls. 
 Pedagogical Points Resources Used 
Warm-Up: 
Rob the Nest Students play a game in teams. Each team 
attempts to collect as many ‘eggs’ in their ‘home 
base’ as possible. 
* Arrange students into five – six teams.  
* Hoops are laid out in a large circle around 
the outside of the room and one hoop is 
placed in the centre of the space 
equidistant from all other hoops. 
* Each team assigned a hoop (‘home base’) 
and each team member assigned a number 
(i.e., one, two, three, four etc.).  
* The teacher calls out a number (e.g., two) 
and students assigned the number run and 
grab one ball (‘egg’) from the centre hoop 
and place it in their nest. 
* Once the middle hoop is empty students 
may take balls from other team’s hoops. 
* When the teacher calls out a new number 
everyone else must return to their nest (the 
teacher can call out a number at any time). 




Throw and catch 
Students’ practice throwing and catching with 
another person. 
* Partners stand about two – three meters 
apart facing each other. Using a chest pass, 
students pass the ball from one person to 
the other. 
* Students place a hoop down on the floor 
and stand on opposite sides of the hoop, 
facing each other. Students bounce the ball 
in the hoop to their partner who catches it 
on the other side. Partners start with their 
One ball and one hoop 
between two students.  
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toes touching the edge of the hoop, then 
move further back if challenge is needed. 
Station two 
Ball rolls using foot 
Students practice rolling a ball using their foot. 
Cones are laid out in a circle with one cone in the 
middle (outside cones are ~2 meters from centre 
cone) (see diagram). Four students stand in a 
circle with one person in the middle of the circle.  
* The person in the middle rolls the ball 
(using their foot) forwards to the person at 
the top of the circle, who stops it using 
their foot, then rolls it back to the person in 
the middle of the circle. Repeat to each 
side, and behind.  
* Once the person in the middle has rolled 
the ball to each other person in the group, 
another student takes the place in the 
middle of the circle. 
One ball per group.  




Partner ball carry 
Students practice working together with another 
student to perform a task. 
* Students are paired up and given a ball. 
* Students stand close together and side by 
side. Students place the ball between their 
shoulders. 
* Each pair walks with ball between their 
shoulders to the end of the room/gym. 
When the pair reaches the end of the room, 
they turn around and walk back to the start 
with the ball between the other shoulders. 
One ball between two. 
Station four 
Rolling a ball to a 
partner 
Students practice rolling a ball to each other in a 
sitting position. 
* In pairs, students sit in a straddle position; 
using both hands, students roll a ball to 
partner sitting opposite. 
* Whole group sits in two lines facing each 
other. Roll the back and forth (in a zigzag 
pattern) to each person along the line until 
the ball reaches the end. 
One ball between two. 
Group Activity 
Partner and Ball Balance. 
* Create three different partner balances with a ball. The ball must be touched by both people in 
the balance. 
* Teacher calls out how many body parts must touch the ground.  
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Lesson Ten  
Aim: 
To engage students in individual and group activities that involves object manipulation and tracking. 
To involve students in activities that requires combining two fundamental skills. 
Objectives: 
 Students’ will throw and catch ball from a static position. 
 Students’ will perform various locomotion styles while holing a ball. 
 Students will perform various locomotion styles while throwing and catching ball. 
Fundamental Movement Skill Development:  
Object control.  
Locomotion.  
Apparatus: 
Rhythmic gymnastics equipment: Small balls, hoops. 
 Pedagogical Points Resources Used 
Warm-Up: 
Locomotion with a 
ball. 
Students line up beside each other approximately 
two arm lengths apart. There should be 3 – 4 lines 
of students. 
Students perform all actions while holding a ball. 
* Walking – holding ball in one hand and 
out in front of the body. Students should 
not grip the ball, but should carefully cup 
hand so the ball does not fall. 
* Skipping forwards balancing the ball in 
one hand. 
* Skipping backwards balancing the ball in 
one hand. 
* Sidestepping holding the ball to the side in 
one hand (students are encouraged to use 
both the left and right hands alternatively). 
* Jumping two feet together with arms above 
head holding ball in two hands. 
* Hopping on one foot holding ball behind 
the back in two hands. 
Gym floor. 
Small balls. 
Main lesson  
Group activity 
Throw and Catch 
In their own space in the room, students’ practice 
throwing a ball upwards and catching it, initially 
with two hands, then, as the activity progresses, 
students are encouraged to use a straight arm to 
throw and to use both the left and right hands, 
alternatively. 
* Throw and catch with two hands. 
* Throw and catch using one hand (use left 
and right hands, alternatively). 
* Throw and catch from one hand to the 
other 
* Bounce and catch with two hands. 
* Bounce the ball repeatedly using one hand. 
One ball per student. 
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Station one 
Throw & catch 
extension 
Students practice throwing the ball upwards and 
catching while walking.  
* Students hold the ball with two hands and 
throw it up, then catch it with two hands. 
o Walking backwards. 
o Skipping. 
* If students’ progress well, encourage them 




Students are encouraged to throw a ball 
downwards and then catch it as it bounces up. 
* Students bounce a ball on a mini-tramp 
and catch it with two hands. 
* Students walk forward bouncing a ball 
using one hand. Students are encouraged to 
use the left and right hands alternatively. 
* Students stand inside a hoop and bounce a 
ball inside the hoop and catch with two 
hands. 
1 ball per student 
1 mini tramp. 
Station three 
Rolling the ball on the 
floor through an 
obstacle course 
Students roll a ball using one hand through an 
obstacle course of cones that are laid out in a line 
to allow students to move in a large zigzag pattern 
(see diagram). 
* Students first perform this activity while 
walking forwards. 




Locomotion with ball 
Cones are laid out in a line to allow students to 
move in a large zigzag pattern (see diagram). 
Students are encouraged to use various types of 
locomotion while moving through the zigzag 
course. 
* From cone one to cone two: Students skip, 
while holding a ball in one hand with a 
straight arm, along the floor to the first 
cone. 
* From cone two to cone three: Side step 
while holding a ball with one hand. 
* From cone three to cone four: Hop, 
holding the ball with two hands, with ball 
behind back. 
* From cone four to cone five: Jump with 
ball between knees. 
* Repeat activity using alternative hand 
(sidestepping leading with the alternate 
foot, or hopping on alternate foot). 
5 cones/markers. 





Relays – Under, over, ball relays. 
* Split class into teams of approximately five students. 
* Each team lines up one student behind the other, with all students facing the same way and 
standing in a straddle position. 
* The ball starts at the front of the line and is passed down the line in a set pattern (see below). 
When the ball reaches the last person runs to the front and continues passing the ball down the 
line. 
o Relay 1: Pass the ball over head. 
o Relay 2: Pass the ball under the legs. 




Lesson Eleven  
Aim: 
To engage students in movement sequence learning. 
To develop students’ movement memory skills. 
Objectives: 
Students will practice a range of skills previously learned, and link them together to create a gymnastics 
floor routine.  
Students’ will learn to perform part of a gymnastics floor routine. 
Fundamental Movement Skill Development:  
Locomotion, rolling, static balance, dynamic balance. 
Apparatus: 
Floor mats. 
 Pedagogical Points Resources Used 
Warm Up Activity 
Game 
Simon says 
Students use various locomotion styles to move in 
a random pattern around the space and when the 
teacher says “Simon says…” with an action stated 
afterwards, students perform the action.  
* Include – running, jumping, skipping, 
hopping, crawling on hands and feet, L sit, 
front support, back support, bunny hop 
handstands. 
* If teacher does not say “Simon says…” 
before the action, the students must keep 
performing the previous action. 
Floor mats. 
Main Activities 
Sequence learning – Students practice separate sections of the sequence, then link each section 
together. 
Station one * Forwards roll, bunny – hop handstand. Floor mats. 
Station two  * From squat position with hands on the 
floor. 
* Jump feet to front support (hold for 3 
seconds). 
* Turn to back support (hold for 3 seconds). 
* ‘L’ sit (hold for 3 seconds). 
Floor mats. 
Station three * ‘L’ sit (hold for 3 seconds). 
* Roll back to candle stand (hold for 3 
seconds).  
* From candle stand, lie flat with arms 
extended above the head and arms straight. 
Floor mats. 
Station four * From a lying flat position, lift into ‘dish’ 
position’ (hold for 3 seconds).  
* Roll into reverse ‘dish’ position (hold for 3 
seconds), then roll back into dish position. 
* ‘Rock-to-stand’. 
* Roll forward, straight jump to stand. 
Floor mats. 
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Put sequence 1 & 2 
together 
* Forward roll – bunny hop handstand. 
* Squat position with hands on the floor. 
* Jump feet backwards to front support 
position (hold for 3 seconds). 
* Turn to back support (hold for 3 seconds). 




Lesson Twelve  
Aim:  
To engage students in movement sequence learning. 
To develop students’ movement memory skills. 
Objectives: 
Students will practice a range of skills previously learned, and link them together to create a gymnastics 
floor routine.  
Students’ will learn to perform part of a gymnastics floor routine. 
Fundamental Movement Skill Development:  
Locomotion, rolling, static balance, dynamic balance. 
Apparatus: 
Floor mats. 
 Pedagogical Points Resources Used 
Warm Up Activity   
Candle sticks. Students play a tag game. Two students are chosen 
as ‘taggers’ and the other students are free to run 
around and avoid being tagged. When tagged, 
students become frozen and wait for another 
student to set them free. 
* Round one: all students are running; when 
tagged the student stands in a straddle 
position and to be set free another student 
must crawl between their legs. 
* Round two: all students are hopping; when 
tagged the student gets into, and then 
holds, front support position, to be set free 
another student must crawl underneath the 
frozen student. 
* Round three: all students are crawl on 
hands and feet (knees should not touch the 
floor). When tagged the student gets into, 
and then holds, back support, to be set free, 




Sequence learning – Students practice separate sections of the sequence, then link each section 
together. 
Station one * Forwards roll, bunny – hop handstand. Floor mats. 
Station two  * From squat position with hands on the 
floor. 
* Jump feet to front support (hold for 3 
seconds). 
* Turn to back support (hold for 3 seconds). 
* ‘L’ sit (hold for 3 seconds). 
Floor mats. 
Station three * ‘L’ sit (hold for 3 seconds). 
* Roll back to candle stand (hold for 3 
seconds).  
* From candle stand, lie flat with arms 
Floor mats. 
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extended above the head and arms straight. 
Station four * From a lying flat position, lift into ‘dish’ 
position’ (hold for 3 seconds).  
* Roll into reverse ‘dish’ position (hold for 3 
seconds), then roll back into dish position. 
* ‘Rock-to-stand’. 
* Roll forward, straight jump to stand. 
Floor mats. 
Put sequences 3 & 4 
together 
* ‘L’ sit (hold for 3 seconds). 
* Roll back to candle stand (hold for 3 
seconds).  
* From candle stand, lie flat with arms 
extended above the head and arms straight. 
* From a lying flat position, lift into ‘dish’ 
position’ (hold for 3 seconds).  
* Roll into reverse ‘dish’ position (hold for 3 
seconds), then roll back into dish position. 
* ‘Rock-to-stand’. 




Lesson Thirteen  
Aim: 
To engage students in movement sequence learning. 
To develop students’ movement memory skills. 
Objectives: 
Students will practice a range of skills previously learned, and link them together to create a gymnastics 
floor routine.  
Students’ will learn to perform a gymnastics floor routine. 
Fundamental Movement Skill Development:  
Locomotion, rolling, static balance, dynamic balance. 
Apparatus: 
Floor mats. 
 Pedagogical Points Resources Used 
Warm Up Activity 
Simon says Students use various locomotion styles to move in 
a random pattern around the space and when the 
teacher says “Simon says…” with an action stated 
afterwards, students perform the action. Teacher 
should say two 
* Include – running, jumping, skipping, 
hopping, crawling on hands and feet, L sit, 
front support, back support, bunny hop 
handstands. 
* If teacher does not say “Simon says…” 
before the action, the students must keep 
performing the previous action. 
Floor mats. 
Main Activities 
Sequence learning – Students practice separate sections of the sequence, then link each section 
together. 
Station one * Forwards roll, bunny – hop handstand. Floor mats. 
Station two  * From squat position with hands on the 
floor. 
* Jump feet to front support (hold for 3 
seconds). 
* Turn to back support (hold for 3 seconds). 
* ‘L’ sit (hold for 3 seconds). 
Floor mats. 
Station three * ‘L’ sit (hold for 3 seconds). 
* Roll back to candle stand (hold for 3 
seconds).  
* From candle stand, lie flat with arms 
extended above the head and arms straight. 
Floor mats. 
Station four * From a lying flat position, lift into ‘dish’ 
position’ (hold for 3 seconds).  
* Roll into reverse ‘dish’ position (hold for 3 
seconds), then roll back into dish position. 
* ‘Rock-to-stand’. 
* Roll forward, straight jump to stand. 
Floor mats. 
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Put sequence 2 & 3 
together 
* From squat position with hands on the 
floor. 
* Jump feet to front support (hold for 3 
seconds). 
* Turn to back support (hold for 3 seconds). 
* ‘L’ sit (hold for 3 seconds). 
* Roll back to candle stand (hold for 3 
seconds).  
* From candle stand, lie flat with arms 




Lesson Fourteen  
Aim:  
To engage students in movement sequence learning. 
To develop students’ movement memory skills. 
To develop students’ performance skills. 
Objectives: 
Students will practice a range of skills previously learned, and link them together to create a gymnastics 
floor routine.  
Students’ will perform a gymnastics floor routine. 
Fundamental Movement Skill Development:  
Locomotion, rolling, static balance, dynamic balance. 
Apparatus: 
Floor 
 Pedagogical Points Resources Used 
Warm Up Activity 
Candle sticks Students play a tag game. Two students are chosen 
as ‘taggers’ and the other students are free to run 
around and avoid being tagged. When tagged, 
students become frozen and wait for another 
student to set them free. 
* Round one: all students are running; when 
tagged the student stands in a straddle 
position and to be set free another student 
must crawl between their legs. 
* Round two: all students are hopping; when 
tagged the student gets into, and then 
holds, front support position, to be set free 
another student must crawl underneath the 
frozen student. 
* Round three: all students are crawl on 
hands & feet (knees should not touch the 
floor). When tagged the student gets into, 
and then holds, back support, to be set free, 




Sequence learning – Students practice separate sections of the sequence, then link each section 
together. 
Put sequence 1 & 2 
together 
* Forward roll – bunny hop – handstand. 
* Squat position with hands on the floor. 
* Jump feet backwards to front support 
position (hold for 3 seconds). 
* Turn to back support (hold for 3 seconds). 
* ‘L’ sit (hold for 3 seconds). 
Floor mats 
Put sequences 3 & 4 
together 
* ‘L’ sit (hold for 3 seconds). 
* Roll back to candle stand (hold for 3 
seconds).  
* From candle stand, lie flat with arms 
Floor mats. 
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extended above the head and arms straight. 
* From a lying flat position, lift into ‘dish’ 
position’ (hold for 3 seconds).  
* Roll into reverse ‘dish’ position (hold for 3 
seconds), then roll back into dish position. 
* ‘Rock-to-stand’. 
* Roll forward, straight jump to stand 
Perform whole sequence: 
* Forward roll – bunny hop handstand. 
* Squat position with hands on the floor. 
* Jump feet backwards to front support position (hold for 3 seconds). 
* Turn to back support (hold for 3 seconds). 
* ‘L’ sit (hold for 3 seconds). 
* Roll back to candle stand (hold for 3 seconds).  
* From candle stand, lie flat with arms extended above the head and arms straight. 
* From a lying flat position, lift into ‘dish’ position’ (hold for 3 seconds).  
* Roll into reverse ‘dish’ position (hold for 3 seconds), then roll back into dish position. 
* ‘Rock-to-stand’. 
* Roll forward, straight jump to stand 
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Lesson Fifteen  
Aim:  
To assist students to develop dynamic balance. 
Objectives:  
Students will practice walking on a beam. 




 Pedagogical Points Resources Used 
Warm up Activity 
Line tag Students play a tag game in which they need to 
run around the gym/space on lines on the floor. 
Two students as taggers, the rest of the students 
are free to run around and avoid being tagged. 
* All students must stay on the lines in the 
gym (jumping/leaping from line to line is 
permitted). 
* If a student is tagged, they must move on 
their hands and feet to a hoop (1 placed in 
the corner of the playing space). Once the 
tagged student reaches a hoop, they are 
able to re-join the game.  
Lines on the floor. 




Students walk along a beam. Students are 
encouraged to take small steps to start with and to 
stretch their arms out wide to help with balance. 
* Walk along the beam forwards. 
* Walk along the beam backwards. 
* Walk along the beam sideways (left-side 





Students walk along a beam and avoid obstacles 
by stepping over them. 
* Walk along the beam stepping over 
obstacles. 
* Walk along the beam forwards. 
* Walk along the beam backwards. 
* Walk along the beam sideways (left-side 
lead and right-side lead, alternatively). 
One beam/bench. 
Cones or bean bags. 
Station three 
Line crawl 
Students practice using four limbed locomotion 
along a line. Students move along the line on 
hands and feet (not the knees).  
* Try to keep both hands and feet on the 
line. 






Students walk along beams/planks that are sloped 
up and down on a small gradient. 
* Students walk up a sloped plank and then 
down another sloped plank. 
* Performed forwards, backwards and 
sideways. 
Two beams or benches 
& one box to raise the 
beams. 
Station five 
Heel to toe walking 
Students practice walking along a small curved 
line using a heel to toe technique. Skipping ropes 
are placed on the floor in a curved path so students 
need to change directions as they make their way 
along the ropes. 
* Walk along the rope forwards. 
* Walk along the rope backwards. 
* Walk along the rope sideways (left-side 
lead and right-side lead, alternatively). 
Skipping ropes. 
Group Activity/Warm Down: 
* Split the class into three teams – each team stands on a separate bench/plank/beam. 
* Each team member chooses a position on the beam e.g. sitting, standing, lying on stomach, 
hanging under the beam. 




Lesson Sixteen  
Aim:  
To engage students in activities that develops coordination between the upper and lower body. 
To assist students to learn to support their body weight with their arms. 
Objectives:  
 Students will perform various forms of locomotion that involve supporting the body with the arms and 
legs. 
 Students will practice jumping onto objects. 
Fundamental Movement Skill Development:  
Advanced locomotion, jumping. 
Apparatus: 
Vault 
 Pedagogical Points Resources Used 
Warm up Activities   
Scorpions & Spiders. Students play a tag game. Two students are 
scorpions (taggers) and the other students 
(spiders) are free to run around and avoid being 
tagged. 
* Two students (the taggers) start off as 
scorpions (moving on one foot and two 
hands). 
* All the other students are spiders moving 
around in spider crawl (forwards, 
backwards or sideways. 
* The scorpions move around and attempt to 
tag the spiders. Once tagged, a spider turns 
into a scorpion and tries to tag the other 
spiders. 
Floor space 
Main Activities   
Whole group activity  Students perform relays in teams of four or five. 
Movement styles are various two- and four-point 
contact locomotion. 
* Relay style set up – each team has two 
cones, one cone at one end of the 
gym/space and one at the other end of the 
gym/space (cones should be at least 15 
metres apart.  
* Students perform a locomotion style from 
the first cone to the second cone, and then 
back again. 
* Locomotion styles to be performed: 
o Running. 
o Bunny hops (tucked). 
o Crab crawl. 
o Bunny hops – Straddle. 
o Scorpion hops. 
Two cones/hoops per 
team. 
Small group activities 
Station one Students practice the ‘bunny hop’, or through Box tops/benches 
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Bunny hop onto box vault.  
* Student places their hands the vault box, a 
little wider than shoulder width apart, and 
jump feet (together) up, onto the box, in 
between the hands, stand up straight.  
* Students are encouraged to have straight 
elbows, and strong shoulders. 
* Students are encouraged to bend at the hips 
and knees.  
* Once stable on top of the vault in a 
crouched position, the student then stands 
up and jumps off the box on to the floor. 
Station two 
Straddle onto box 
Students practice the ‘frog’, or straddle vault.  
* Student places their hands the vault box, 
with hands quite close together (closer 
together than the ‘bunny hop’ vault) and 
jumps feet onto the box on the outside of 
hands. 
* Students are encouraged to have straight 
elbows, and strong shoulders. 
* Students are encouraged to bend at the hips 
and keep the knees straight. 
* Once stable on top of the vault in a 
straddle position with the hands on the 
vault box, the student then stands up and 





Students perform the skills just practiced in a group activity. Students are placed into three teams. 
* In the teams, students line up one behind; the first student walks forwards three or four steps and 
gets into a stable crouched position (can make harder in squat position or standing bent over). 
* The next student then runs towards the first student, places their hands-on students back and jumps 
the feet over. This is repeated by all students. 
* Each group practices, then groups have a race. 
  
270 
Lesson Seventeen  
Aim: 
To engage students in activities that develops coordination between the upper and lower body. 
To assist students to develop locomotor pointing skills. 
Objectives: 
 Students’ will practice activities that require them to support their upper body with their arms and jump 
with their legs. 
 Students will practice repetitive jumping activities. 
 Students will perform vault activities with a run up. 
 Students will perform various jumps off raised surfaces. 
Fundamental Movement Skill Development:  
Jumping and landing. Locomotor pointing.  
Apparatus: 
Vault. 
 Pedagogical Points Resources Used 
Warm up Activity 
Group Activities 
Relays in lines 
Students participant in relays; each relay is 
performed with a different locomotion style. 
* Class is split into teams of four, or five, 
students. 
* Two cones for each team are set up about 
10 – 15 meters apart.  
* First student performs action to the cone, 
then turns around and performs the action 
back to their group and then the next 
student has their turn. 
o Running. 
o Bunny hops (in tucked position). 
o Crab crawl. 
o Bunny hops (in straddle position). 
o Scorpion hops. 
Two cones/hoops per team 
to mark relay boundary. 
Main Activities 
Station one 
Bunny hops side to side 
Students practice an advanced bunny hop 
movement, side to side over a low bench. 
* Students place hands on bench and jump 
feet from side to side over the beam. 
Low beam, bench, or box. 
Station two 
Squat & straddle on 
from a stationary 
position 
Students practice performing a supported jump up 
on to a raised surface. 
* Students place hands on the raised surface 
and, keeping the hands on the raised 
surface, perform a supported tuck jump 
onto a box top landing with the body 
tucked up and the feet in between the 
hands. The student then stands up and 
jumps off the box top on to a mat. 
* As above, but the jump up onto the box 
finishes with the hands in between the feet 
(e.g., straddle position). 
Low box tops/benches, 
landing mats. 
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* The jump off can be modified to tuck 
jump, star jump, half turn or full turn. 
Station three 
Vault – Straddle on 
Students practice performing the supported jumps 
from a run up and after jumping off a beat board 
(or mini-tramp). 
* Students run in at a comfortable pace, and 
perform a jump onto a beatboard, place the 
hands on the raised surface and perform a 
supported straddle jump (as performed in 
‘Station 2’ above) onto the raised surface. 
Beat board (or mini-
tramp), box top, landing 
mat. 
Station four 
Vault – Squat on. 
Students practice performing the supported jumps 
from a run up and off a beatboard (or mini-tramp). 
* Students run in at a comfortable pace, and 
perform a jump onto a beatboard, place the 
hands on the raised surface and perform a 
supported tuck jump (as performed in 
‘Station 2’ above) onto the raised surface. 




Students perform the skills just practiced in a group activity. Students are placed into three teams. 
* In the teams, students line up one behind; the first student walks forwards three or four steps and 
gets into a stable crouched position (can make harder in squat position or standing bent over). 
* The next student then runs towards the first student, places their hands on the first student’s back 
and jumps the feet over. This is repeated by all students. 
* Each group practices, then groups have a race. 
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Lesson Eighteen  
Aim: 
To engage students in activities that develops balancing skills and postural control. 
To prepare students for advanced balancing activities. 
To involve students in activities that requires team work and balance. 
Objectives: 
 Students’ will practice various locomotion styles along raised support surfaces. 
 Students will work with each other to create shapes that require teamwork and partner balancing. 




 Pedagogical Points Resources Used 
Warm Up Activity 
Alphabet Shapes Students perform locomotion around the gym (the 
teacher modifies this each time e.g., running, 
skipping, hopping, side stepping, monkey walk, 
etc.). When the teacher calls out a letter e.g. “A”, 
students find a partner (or make a group of three) 
and try to make the letter with their bodies. 
* Repeat four, or five, times each time 
creating a different letter. 
* Last round – students choose their own 
letter and the class has to guess. 
 
Station one 
Beam walk – Grape 
vine 
Students practice a sideways locomotion style 
along a raised support surface (e.g., bench, beam). 
* Students starts from one end of the raised 
surface and perform the ‘grape vine’ 
locomotion style along the support surface 
(e.g., starting from a quiet standing 
position and travelling left – the left leg 
steps to the side then the right leg swings 
in front of the left, the left leg then swings 
behind the right, then, the right leg swings 
behind the left leg, then, the left leg swings 
in front of the right to the original start 
position; this sequence is repeated). 
* Perform this activity, with the left leg 








Students practice walking along a raised support 
surface (e.g., bench, beam) that has obstacles on it. 
* Students walk along the raised support 
surface and when they come up to an 
obstacle, they stop walking and perform a 
two-foot jump over the obstacle, then 
continue walking to the next obstacle.  
One 
beam/bench/line/rope. 
Small obstacles such as 
bean bags, or cones. 
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Station three 
Hands and feet crawl 
Students practice a four-limb locomotion style 
along a raised support surface (e.g., bench, beam). 
* Move along the beam using the hands and 
feet (not the knees).  







One beam, bench, or 
plank. 
Station four:  
Exploring gradients. 
Students practice walking locomotion along an 
inclined and raised support surface (e.g., bench, 
beam). 
* Walk up a sloped plank & then down 
another sloped plank. 
* Students are encouraged to try walking 
sideways or backwards. 
Two beams/blanks and 
one box to raise the 
beams. 
Station five: 
Heel to toe walk 
backwards. 
Students practice walking using a heel to toe 
locomotion along a small support surface (e.g., 
bench, beam, line on the floor). 
* Walking heel to toe along a line 
* The line, or benches, may go in different 
directions i.e. in a gymnasium, the 
basketball centre circles allow students to 
move in both a circular and straight 
pattern. 




Students practice skipping locomotion along a 
raised support surface (e.g., bench, beam). 
* Students skip along the beam. 
* Students are encouraged to try skip 




* Split the class into 3 teams. 
* Each team lines up (side by side) and holds hands with the person next to them. 
* They must pass the hoop from one team member to the next (without letting go) until the hoop 
gets to the end of the line. 
* Practice – then have a race. 
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Lesson Nineteen  
Aim:  
To engage students in activities that assists them to develop their object manipulation and tracking 
skills. 
To engage students in activities that requires them to interact with others when manipulating objects. 
To involve students in partner activities where students need to work with each other to achieve a goal. 
Objectives: 
 Students’ will practice rolling, throwing, passing and catching a hoop with a partner. 
 Students will work with a partner to carry a hoop without using their hands. 
 Students will work with a partner to create different static partner balances with a hoop. 
Fundamental Movement Skill Development:  
Object control.  
Apparatus: 
Rhythmic gymnastics equipment: Hoops. 
 Pedagogical Points Resources Used 
Warm Up 
Hula Hoop Game Students play a tag game involving hula hoops.  
* Hoops scattered around the gym with large 
gaps in between the hoops. 
* Two taggers; change taggers after 90 
seconds. 
* Students run around the gym away from 
the taggers. To be “safe” from the taggers 
students must pick up a hoop and spin it 
around their hips. Once the hoop falls to 
the ground the student must leave the hoop 
and find a new one. 
* If tagged, the student must stand in a star 
shape on the floor. To be set “free” another 
student must crawl under their leg. 
One hoop for every three 
students. 
Main Activity   
Station one 
Throw and catch 
Students practice throwing a hoop into the air. 
* Holding the hoop in one hand with the 
hoop by the side of the body: Students are 
encouraged to gently throw the hoop into 
the air. Catch the hoop with both hands. 
Perform this activity with the left and the 
right hand, alternatively. 
* As above but throw the hoop with one 
hand (i.e., right hand) and catch it with the 
other hand (i.e., left hand). 
* Start with small throws – then throw 
higher 
One hoop per student or 
one between two. 
Station two 
Hoop spin 
* Hold hoop in front of the body so that the 
rims of the hoop are parallel to the floor 
(i.e., one hand on each side of the hoop). 
Using the fingers, spin the hoop 
toward/away from the body. 
One hoop per student or 
one between two. 
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* Stand hoop on the floor and hold with one 
hand. Spin the hoop around using fingers. 
* Variation – spin the hoop with fingers then 
let it go and watch it spin. 
Station three 
Hoop Rolling 
At this station, students should practice the first 
activity individually, then work in pairs, or in as a 
group. 
* Place hoop in front of the body. Hold the 
hoop in the left hand – roll the hoop across 
the body to the right hand (and vice versa). 
* Roll the hoop forwards to a partner 
* Spin the hoop backwards as it is thrown 




Circling the hoop on 
different body parts 
Circles the hoop around different body parts such 
as: arm, leg, hips, neck etc. (i.e., similar 
movement to the hula-hoop action but on various 




* Teacher sets up cones at each end of the room. One cone is the start line and the other cone the 
finish line. 
* Students get into groups of three, or four. Each student has a hoop. 
* Students line up one behind another and place their hoop over themselves and the person in 
front of them. 
* On the teacher’s command – ‘Ready, steady, go!’ – as a team, students bounce (i.e., perform 
repeated two-foot jumps) from one cone to another. 
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Lesson Twenty  
Aim:  
To engage students in fun gymnastics games. 
Objectives: 
 Students will play games that use gymnastics movements and gymnastics equipment. 
Fundamental Movement Skill Development:  
Locomotion, object control, balance.  
Apparatus: 
Floor. 
Rhythmic gymnastics equipment: Balls, hoops. 
 Pedagogical Points Resources Used 
Warm Up 
Hula Hoop Game Students play a tag game involving hula hoops.  
* Hoops scattered around the gym with large 
gaps in between the hoops. 
* Two taggers; change taggers after 90 
seconds. 
* Students run around the gym away from 
the taggers. To be “safe” from the taggers 
students must pick up a hoop and spin it 
around their hips. Once the hoop falls to 
the ground the student must leave the hoop 
and find a new one. 
* If tagged, the student must stand in a star 
shape on the floor. To be set “free” another 
student must crawl under their leg. 
One hoop for every three 
students. 
Main Activity 
Jumping train Race, small groups (i.e., 4 – 5 students in each 
group).  
* Each student is given a hoop.  
* Team lines up with their hoop 
* Each student places the hoop over 
themselves and the person in front of them. 
The hoop is then held with two hands at 
hip height. 
* The team then tries to jump forwards as 
one chain (every person in the chain 
jumping and landing at the same time) – 
following the timing of the person in front 
of them. 
 
Points of contact 
game 
* Students move around the gym in a style 
called out by the teacher, e.g., walking 
(forwards, or backwards), hopping, 
skipping etc. 
* Teacher calls out the number of body parts 
that are allowed to touch the floor e.g. 2. 
* Students then place that number of body 
parts on the floor e.g. for 2 they could 
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place 2 feet, or one foot and one hand, or 
one elbow and one foot. 
* Students are encouraged to be creative and 
to not repeat combinations of body parts 
placed on the floor. 
Sheep tag Students will play a tag game. Two students will 
act as ‘taggers’ and other students try to avoid 
being tagged. Each round should last about 90 
seconds – each new round, two new ‘taggers’ are 
chosen. 
* Round one – Students run around the 
room. When tagged they move, on hands 
and feet (but not crawling, knees not 
touching the floor) over to a marked 
section on the floor at the side of the game 
area. 
* In the marked section the tagged student 
lies on their back with feet and arms in the 
air making a sheep noise. 
* To be set free another student rolls the 
person over sideways. Both students can 
then re-join the game. 
* Round two – Students skip around the 
room. 
* Round three – Students hop on one foot 
and are encouraged to swap the foot they 
hop on half way through the round (the 
teacher could provide a cue to prompt the 
change). 
 
Rob the Nest Students play a game in teams. Each team 
attempts to collect as many ‘eggs’ in their ‘home 
base’ as possible. 
* Arrange students into five – six teams.  
* Hoops are laid out in a large circle around 
the outside of the room and one hoop is 
placed in the centre of the space 
equidistant from all other hoops. 
* Each team assigned a hoop (‘home base’) 
and each team member assigned a number 
(i.e., one, two, three, four etc.).  
* The teacher calls out a number (e.g., two) 
and students assigned the number run and 
grab one ball (‘egg’) from the centre hoop 
and place it in their nest. 
* Once the middle hoop is empty students 
may take balls from other team’s hoops. 
* When the teacher calls out a new number 
everyone else must return to their nest (the 
teacher can call out a number at any time). 





Relays – Under, over, ball relays. 
* Split class into teams of approximately five students. 
* Each team lines up one student behind the other, with all students facing the same way and 
standing in a straddle position. 
* The ball starts at the front of the line and is passed down the line in a set pattern (see below). 
When the ball reaches the last person runs to the front and continues passing the ball down the 
line. 
o Relay 1: Pass the ball over head. 
o Relay 2: Pass the ball under the legs. 
* Relay 3: Pass the ball under the legs then over the head (under, over, under, over). 
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Lessons Supplement  
BODY POSITIONS 
 
Plank – aka front support; The ‘up’ position of a press-up movement. Hands are flat 
on the floor, the toes are on the floor, knees and hips are straight, the arms are straight and 
holding the body off the floor. 
Supine – Belly facing up towards the roof. 
Prone – Belly facing down towards the floor. 
Back support – Similar to the ‘up’ position of a press-up movement except the chest 
is facing the roof instead of the back. Hands are flat on the floor, the heels are on the floor, 
knees and hips are straight, the arms are straight and holding the body off the floor. 
Straddle – Legs are spread wide with straight knees and hips. The straddle can also 
be performed while jumping 
Tuck – Knees and ankles are pulled in towards the body, often the arms are used to 
hold onto the knees when in this position. The tuck can be performed while the feet are flat 
on the floor (crouched position), or while lying on the floor. The tuck can also be performed 
while jumping. 
 
ANIMAL MOVEMENT STYLES 
 
Bear walk – Walk on all fours in a prone position with knees close together, knees 
not touching the floor. 
Bunny Hops – Starting from a fully crouched position with the knees together and 
hands on the floor outside the knees and feet; lifting the hands off the floor and reaching 
forwards first the mover springs forwards, the hands are placed on the floor first, then the 
legs, returning to the original position. 
Caterpillar walk – From a ‘plank’ position, walk the feet into hands (but keeping the 
knees straight – the movement comes from the ankles), then walk hands out to the plank 
position. Repeat. 
Crab walk – Supine position on all fours – move using feet and hands as supports. 
This can be done forward, backward or sideways. 
Duck walk – In a fully crouched position with the knees pointing outwards (hands off 
the floor), the movers walks while remaining in the fully crouched position. 
Frog walk – Starting from a fully crouched position with the hands on the floor in 
between the knees and feet; lifting the hands off the floor and reaching forwards first the 
mover springs forwards, the hands are placed on the floor first, then the legs, returning to the 
original position. 
Kangaroo walk – Two foot jumping in a slightly crouched position with hands out in 
front of body. 
Scorpion walk – Prone position with one leg in the air (knees off the floor), lift hands 
off the floor and reach them forwards together, then jump support leg towards hands to return 
to the original position. 
Spider walk – Walk on all fours in a prone position with knees wide apart, arms wide 




“Motor bike” landing is a technique where students land on their toes and then gently 
bending the ankles, knees and hips with their arms out in front of them for balance. Students 
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The kids perform a jump off the box. If they are able to stick the landing (i.e., without 





Scale balance – Students stand on one leg, lift the other leg out behind them so that it 
becomes parallel (or close to parallel) to the floor, the arms are spread wide so they are 
parallel to the floor and perpendicular to the spine and the head is held up and the eyes are 
looking forward.  
 
Stork balance – Students stand on one leg and rest the sole of the non-support leg 
against the knee of the support leg. Arms are spread wide for balance. 
 
Star balance – Students stand on one leg, lift the free leg out to the side of them as 
wide and as high as they can, the arms are spread wide so the body is in a star shape, the 









Tucked rock – Students lie on their back with their legs tucked into their body; 
students hold onto their knees tightly. While in this position, the student rolls forwards 
towards their feet, then backwards towards their head (but not onto their neck) repeatedly. 
‘Rock to stand’ – After several ‘tucked rocks’ forwards and backwards, students rock 




Appendix 3  
 
  
Figure 56. Example cartoon monster displayed during static balance tasks.  
 
  
Figure 57. Participant starting position for kicking task.  
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Appendix 4  
Sample Entropy (SampEn) 
 
Given a signal x(n)=x(1) x(2),…, x(N), where N is the total number of data points, 
SampEn algorithm can be summarized as follows: 
 
Form m-vectors, X(1) to X(N – m +1) defined by:  
i i , i 1 , … , i 1 	 1, 1   (4) 
Define the distance dm[X(i),X(j)] between vectors X(i) and X(j) as the maximum 
absolute difference between their respective scalar components:  
X i , X j 	 	max | 	– 	 |    (5) 
k = o, m – 1  
Define for each i, for i=1 N-m, let  
∗ . , ,    (6) 
Similarly, define for each i, for i=l, N-m, let  
∗ . , ,    (7) 
Define  
B       (8) 
A       (9) 
SampEn value for a finite data length of N can be estimated:  
, , 	 ln	     (13) 
 
283 
Appendix 5  
Unipedal balance performance. 
  
Average percentage of successful trials  
 
Table 34  
Results of ANOVA performed on static balance success. 
 df F p 
Success 
Phase  2,232 2.51 .08 
Group 1,57 0.01 .91 
Gender 1,57 2.16 .15 
Foot Used 1,232 1.47 .23 
Phase:Group 2,232 0.42 .65 
Phase:Group:Foot Used 2,232 1.68 .19 
Phase:Group:Gender:Foot Used 2,232 0.89 .41 
Note: Success = Percentage of trials with no touchdowns.   
 
  
Figure 58. Average percentage of successful trials and 95% confidence intervals when males 





Figure 59. Average percentage of successful trials and 95% confidence intervals when males 
(left panel) and females (right panel) in each group balanced on the non-dominant foot in 
each phase.  
 
Table 35  
Results of one-sided paired sample t-tests conducted on the change in dominant foot 
performance data (% of successful trials) between phases  
Group Gender Phase df t-ratio p d 
Gymnastics 
Males 
P1 – P2 - - n/s - 
P2 – P3 - - n/s - 
P1 – P3 - - n/s - 
Females 
P1 – P2 - - n/s - 
P2 – P3 232 -2.63 .014 0.64 
P1 – P3 - - n/s - 
TPE 
Males 
P1 – P2 - - n/s - 
P2 – P3 - - n/s - 
P1 – P3 - - n/s - 
Females 
P1 – P2 232 -2.78 < .01 0.88 
P2 – P3 - - n/s - 





Table 36  
Results of one-sided paired sample t-tests conducted on the change in non-dominant foot 
performance data (% of successful trials) between phases  
Group Gender Phase df t-ratio p d 
Gymnastics 
Males 
P1 – P2 - - n/s - 
P2 – P3 - - n/s - 
P1 – P3 232 -2.17 .046 0.48 
Females 
P1 – P2 - - n/s - 
P2 – P3 - - n/s - 
P1 – P3 - - n/s - 
TPE 
Males 
P1 – P2 - - n/s - 
P2 – P3 232 -2.53 .018 .36 
P1 – P3 - - n/s - 
Females 
P1 – P2 232 -3.62 < .001 1.11 
P2 – P3 - - n/s - 




Figure 60. Average percentage of successful trials and 95% confidence intervals in the 
dominant foot condition during balancing by male and females in the Gymnastics (left panel) 




Figure 61. Average percentage of successful trials and 95% confidence intervals in the non-
dominant foot condition during balancing by male and females in the Gymnastics (left panel) 
and TPE (right panel) group at each phase.  
 
  
Figure 62. Comparison between feet in the average percentage of successful trials and 95% 
confidence intervals during balancing by males (left panel) and females (right panel) in the 
TPE group at each phase.  
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Within Trial Variability. The average number of touchdowns made by males and 
females at each phase during dominant or non-dominant foot balancing are shown in  
Figure 63 and Figure 64 respectively. In the dominant foot condition females in the 
TPE group reduced the average number of touchdowns made between phases one and two 
(t(232) = 2.27, p = .036, d = 0.75) and Gymnastics group females reduced average 
touchdowns between phases two and three (t(232) = 2.17, p = .046, d = 0.48) and between 
phases one and three (t(232) = 3.25, p < .01, d = 0.70). The changes made between phase two 
and three by females in the Gymnastics and TPE groups were significantly different (t(232) = 
2.00, p = .046, d = 0.75). 
At phase two, Gymnastics group males touched down more on the non-dominant foot 
compared to the dominant foot (t(232) = -1.81, p = .036, d = 0.57) (see Figure 65).  
 
Table 37  
Results of ANOVA performed on static balance within trial variation  
Within Trial Variation 
Phase  2,232 2.38 .09 
Group 1,57 0.43 .51 
Gender 1,57 3.36 .07 
Foot Used 1,232 0.65 .42 
Phase:Group 2,232 1.22 .30 
Phase:Group:Foot Used 2,232 1.83 .16 
Phase:Group:Gender:Foot Used 2,232 1.27 .28 
Note: Within Trial Variation = Average number of touchdowns in trials when touchdowns 
were made  
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Figure 63. Average number of touchdowns and 95% confidence intervals during dominant 
foot balancing by males (left panel) and females (right panel).   
 
  
Figure 64. Average number of touchdowns and 95% confidence intervals during non-




Figure 65. Comparison between dominant and non-dominant foot in the average number of 
touchdowns and 95% confidence intervals for males (left panel) and females (right panel) in 
the Gymnastics group.  
 
  
Figure 66. Comparison between dominant and non-dominant foot in the average number of 
touchdowns and 95% confidence intervals for males (left panel) and females (right panel) in 
the TPE group.  
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Unipedal balance kinetics. 
 
M/L Sample Entropy  
 
Table 38  
Results of ANOVA performed on static balance non-linear kinetic variables (significant 
effects (p < .05) are highlighted in bold)  
Mediolateral COP sample entropy 
 df F p 
Phase  2, 936 2.30 .10 
Group 1, 57 0.01 .90 
Gender 1, 57 5.27 .03 
Foot Used 1, 936 0.54 .46 
Phase:Group 2, 936 0.00 .99 
Phase:Group:Foot Used 2, 936 0.23 .79 
Phase:Group:Gender:Foot Used 2, 936 0.75 .47 
Anterior-posterior COP sample entropy 
Phase 2, 936 3.76 .02 
Group 1, 57 0.07 .80 
Gender 1, 57 8.16 .01 
Foot 1, 936 1.77 .18 
Phase:Group 2, 936 1.48 .23 
Phase:Group:Foot Used 2, 936 1.54 .22 





Table 39  
Results of ANOVA performed on static balance kinetic variables (significant effects (p < .05) 
are highlighted in bold)  
Mediolateral COP velocity  
Phase 2, 936 6.35 < .01 
Group 1, 57 2.31 .13 
Gender 1, 57 8.62 < .01 
Foot 1, 936 0.35 .55 
Phase:Group 2, 936 1.06 .35 
Phase:Group:Foot Used 2, 936 0.37 .69 
Phase:Group:Gender:Foot 2, 936 0.25 .78 
Anterior-posterior COP velocity 
Phase 2, 936 3.56 .03 
Group 1, 57 2.68 .11 
Gender 1, 57 8.09 .01 
Foot 1, 936 1.30 .25 
Phase:Group 2, 936 2.91 .06 
Phase:Group:Foot Used 2, 936 0.44 .64 
Phase:Group:Gender:Foot 2, 936 0.03 .97 
COP 95% ellipse area 
Phase 2, 936 3.52 .03 
Group 1, 57 5.42 .02 
Gender 1, 57 0.75 .39 
Foot 1, 936 0.08 .78 
Phase:Group 2, 936 4.24 .02 
Phase:Group:Foot Used 2, 936 0.15 .86 
Phase:Group:Gender:Foot 2, 936 0.20 .82 
  
 
Figure 67 and Figure 68 show the dominant foot and non-dominant foot M/L sample 
entropy, respectively, for males and females. In the dominant foot condition, the females in 
the TPE group made a medium sized reduction to M/L sample entropy between phases one 
and three (t(936) = 2.28, p = .034, d = 0.37). In the non-dominant foot condition, females in 
the Gymnastics group made small reductions to M/L sample entropy between phases one and 
two and between phases two and three and medium sized reduction to M/L sample entropy 
between phases one and three (P1 > P2, t(936) = 2.21, p = .040, d = 0.25. P2 > P3, t(936) = 
2.16, p = .046, d = 0.22. P1 > P3, t(936) = 4.23, p < .001, d = 0.48). 
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Differences between genders in the Gymnastics group are shown in Figure 69. In the 
Gymnastics group, males had higher sample entropy when balancing on the dominant foot 
(t(936) = 2.27, p = .014, d = 0.80) and non-dominant (t(936) = 1.70, p = .047, d = 0.56) foot 
at phases one and three, respectively. There were larger reductions made to dominant foot 
M/L sample entropy by the Gymnastics group males compared to their female peers between 
phases one and two (t(936) = 2.34, p < .01, d = 0.74) and between phases one and three 
(t(936) = 2.18, p = .015, d = 0.71). There was a different change to non-dominant foot M/L 
sample entropy made by Gymnastics group males and females made between phase two and 
three (t(936) = -2.54, p = .011, d = 0.84) as males reduced and females increased sway 
regularity. 
Medium and small sized effects of foot used to balance were found at phases two and 
three, respectively, as the Gymnastics group swayed more irregularly when balancing on the 
dominant foot (P2, t(936) = 2.97, p < .01, d = 0.68. P3, t(936) = 1.89, p = .030, d = 0.44) (see 
Figure 70).  
A medium sized difference between feet was found at phase one as Gymnastics group 
females swayed more irregularly in the non-dominant foot condition (t(936) = 2.13, p = .017, 
d = 0.75). Gymnastics group males displayed a medium sized difference between feet at 




Figure 67. Mediolateral sample entropy during dominant foot balancing at each phase for the 
males (left panel) and females (right panel) in the Gymnastics and TPE groups.  
 
  
Figure 68. Mediolateral sample entropy during non-dominant foot balancing at each phase 




Figure 69. Mediolateral sample entropy during dominant foot (left panel) and non-dominant 
foot (right panel) balancing at each phase for the males and females in the Gymnastics group.  
 
  
Figure 70. Mediolateral sample entropy during dominant foot and non-dominant foot 
balancing at each phase for the Gymnastics group (left panel) and the TPE group (right 




Figure 71. Comparison between dominant and non-dominant foot mediolateral sample 




A/P Sample Entropy.   
Figure 72 and Figure 73 show dominant and non-dominant foot A/P sample entropy, 
respectively, for males and females in the Gymnastics and TPE groups. Medium sized 
reductions to dominant foot A/P sample entropy were made by Gymnastics group males 
(t(936) = 2.31, p = .031, d = 0.31) and females (t(936) = -2.43, p = .023, d = 0.32) between 
phases one and two and by males between phases on and three (t(936) = 2.98, p < .01, d = 
0.40). In the non-dominant foot condition, only Gymnastics group males made medium sized 
changes to A/P sample entropy when they reduced it between phases one and two (t(936) = 
4.29, p < .001, d = 0.72) and between phases one and three (t(936) = 4.49, p < .001, d = 0.77). 
Reductions made to dominant foot A/P sample entropy between phases one and two by 
Gymnastics and TPE group females were different (t(936) = -1.93, p = .027, d = 0.71). 
Figure 75 shows comparisons of the dominant and non-dominant foot A/P sample 
entropy of the Gymnastics and TPE groups. At phase one, a medium effect of foot was found 
as the Gymnastics group swayed more regularly on the dominant foot (t(936) = 2.16, p = 
.015, d = 0.57). Medium sized, larger changes to dominant foot compared to non-dominant 
foot A/P sample entropy were made by the Gymnastics group between phases one and two 
(t(936) = 2.42, p < .01, d = 0.55) and between phases one and three (t(936) = 2.32, p = .01, d 
= 0.54).  
Figure 76 and Figure 77 compare the dominant and non-dominant foot A/P sample 
entropy for males and females in the Gymnastics and TPE groups, respectively. Medium 
sized differences between feet were found as the females in the Gymnastics and TPE groups 
swayed more regularly on the dominant foot compared to the non-dominant foot at phase one 
(Gymnastics group Female, t(936) = -2.05, p = .021, d = 0.73. TPE group Female, t(936) = -
1.66, p = .048, d = 0.73). A large difference between feet was found as the TPE group males 
swayed more irregularly on the dominant foot compared to the non-dominant foot at phase 
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three (t(936) = 1.82, p = .035, d = 1.05). 
 
  
Figure 72.  Anterior-posterior sample entropy during dominant foot balancing at each phase 
for the males (left panel) and females (right panel) in the Gymnastics and TPE groups. 
 
  
Figure 73. Anterior-posterior sample entropy during non-dominant foot balancing at each 




Figure 74.  Anterior-posterior sample entropy during dominant foot (left panel) and non-
dominant foot (right panel) balancing at each phase for the males and females in the 
Gymnastics group. 
  
Figure 75. Comparison between dominant and non-dominant foot anterior-posterior entropy 




Figure 76. Comparison between dominant and non-dominant foot anterior-posterior entropy 
for the males (left panel) and females (right panel) in the Gymnastics group.  
 
  
Figure 77. Comparison between dominant and non-dominant foot anterior-posterior entropy 
for the males (left panel) and females (right panel) in the TPE group.   
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95% Ellipse Area. Figure 19 and Figure 20 show the dominant and non-dominant foot 
sway area, respectively, for males and females in each group. Results of paired sample t-tests 
and effects sizes comparing dominant foot and non-dominant foot sway area between phases 
are shown Table 41 and Table 41, respectively, for males and females in each group. Large 
differences between groups were found as males in the Gymnastics group swayed over a 
larger area in the dominant and non-dominant foot conditions at phase one compared to the 
TPE group males (Dominant foot, t(57) = 2.30, p = .013, d = 1.18. Non-dominant foot, t(57) 
= 2.56, p < .01, d = 1.38). A large effect of group was found when comparing the changes to 
dominant foot sway area made between phases as Gymnastics group males made larger 
reductions compared to the TPE group males between phases one and two (t(936) = 2.75, p = 
< .01, d = 1.27) and between phases two and three (t(936) = 1.93, p = .027, d = 0.89).  
 
Table 40  
Results of between-phase paired sample t-tests conducted on dominant foot 95% ellipse area  
Group Phase Gender df t-ratio p d 
Gymnastics 
P1 – P2 
Males 936 2.45 .022 0.37 
Females 936 3.71 < .001 0.50 
P2 – P3 
Males - - n/s  
Females - - n/s  
P1 – P3 
Males 936 2.54 .017 0.38 
Females 936 3.58 < .001 0.48 
TPE 
P1 – P2 
Males - - n/s  
Females 936 3.30 < .01 0.46 
P2 – P3 
Males - - n/s  
Females - - n/s  
P1 – P3 
Males - - n/s  





Table 41  
Results of between-phase paired sample t-tests conducted on non-dominant foot 95% ellipse 
area  
Group Phase Gender df t-ratio p d 
Gymnastics 
P1 – P2 
Males - - n/s  
Females 936 3.49 < .001 0.46 
P2 – P3 
Males - - n/s  
Females - - n/s  
P1 – P3 
Males - - n/s  
Females 936 3.22 < .001 0.43 
TPE 
P1 – P2 
Males - - n/s  
Females - - n/s  
P2 – P3 
Males - - n/s  
Females - - n/s  
P1 – P3 
Males - - n/s  






Figure 78. 95% ellipse during dominant foot balancing at each phase for the males (top 
panel) and females (lower panel) in the Gymnastics and TPE groups.  
  














































Figure 79. 95% ellipse area during non-dominant foot balancing at each phase for the males 
(upper panel) and females (lower panel) in the Gymnastics and TPE groups.  
 
  






































M/L Sway Velocity. Figure 80 and Figure 81 show the dominant and non-dominant 
foot M/L sway velocity, respectively, of males and females in the Gymnastics and TPE 
groups. In the dominant foot condition, Gymnastics group males made a medium sized 
reduction to M/L sway velocity between phase one and two (t(936) = d = 0.38) and males in 
both groups made medium sized reductions to M/L sway velocity between phases one and 
three (Gymnastics group, t(936) = 3.45. p < .001, d = 0.51. TPE group, t(936) = 2.16, p = 
.045, d = 0.43). TPE group females made medium sized reductions to dominant foot M/L 
sway between phases one and two and phases one and three (P1>P2, t(936) = 2.73, p < .01, d 
= 0.45. P1>P3, t(936) = 2.60, p = .014, d = 0.44). A medium sized, larger reduction to 
dominant foot M/L sway velocity between phase one and two was made by TPE group 
females compared to the Gymnastics group females (t(936) = 1.93, p = .027, d = 0.71). In the 
non-dominant foot condition, at phase one a difference was found as Gymnastics group males 
swayed faster in the M/L plane compared to the TPE group males (t(936) = 2.19, p = .016, d 
= 1.18). Between phases one and three Gymnastics group males made a medium sized 
reduction to non-dominant foot M/L sway velocity (t(936) = 2.24, p = 0.37, d = 0.34). 
Females in the Gymnastics group made small reductions to non-dominant foot M/L sway 
velocity between phase one and two (t(936) = 2.35, p = .029, d = 0.28) and between phases 
two and three (t(936) = 3.05, p < .01, d = 0.27) and a medium sized reduction to non-
dominant foot M/L sway velocity between phase one and three (t(936) = 4.27, p < .001, d = 
0.50) TPE group females also made a medium sized reduction to non-dominant foot M/L 
sway velocity between phase one and three (t(936) = 2.22, p = .039, d = 0.37). 
Compared to their female peers, the Gymnastics group males made medium sized, 
larger reductions to dominant foot M/L sway velocity between phase one and two and 
between phases one and three (∆P1P2, t(936) = 1.83, p = .034, d = 0.58. ∆P1P3, t(936) = 




Figure 80. Mediolateral velocity during dominant foot balancing by males (left panel) and 
females (right panel) in the Gymnastics and TPE groups.  
 
Figure 84 shows a comparison of dominant and non-dominant foot M/L sway velocity 
of the Gymnastics and TPE groups. When comparing the M/L sway velocity between feet, a 
medium sized difference was found as the Gymnastics group foot swayed slower on the non-
dominant foot at phases two (t(936) = 2.02, p = .022, d = 0.46) and three (t(936) = 2.76, p < 
.01, d = 0.64). Medium sized differences between feet were also found in the TPE group at 
phases one and three as they swayed slower on the non-dominant foot (P1, t(936) = 2.04, p = 
.021, d = 0.73. P3, t(936) = 1.86, p = .032, d = 0.62). Medium and large differences were 
found between feet as females in the Gymnastics group swayed faster on the dominant foot at 
phases two (t(936) = 1.94, p = .027, d = 0.65) and three (t(936) = 4.16, p < .001, d = 1.45), 
respectively, and they made a medium sized, larger reduction to non-dominant foot M/L 
sway velocity compared to the dominant foot between phases one and three (t(936) = 1.97, p 
= .024, d = 0.69 (see Figure 85). In the TPE group, large differences between feet were found 
at phases one and three as the males swayed faster no the dominant foot (P1, t(936) = 2.56, p 




Figure 81. Mediolateral velocity during non-dominant foot balancing by males (left panel) 
and females (right panel) by Gymnastics and TPE groups.  
 
  
Figure 82. Mediolateral velocity during dominant foot (left pane) and non-dominant foot 




Figure 83. Mediolateral velocity during dominant foot (left pane) and non-dominant foot 
(right panel) balancing by males and females in the TPE group.  
 
  
Figure 84. Mediolateral velocity during dominant foot and non-dominant foot (right panel) 




Figure 85. Mediolateral velocity during dominant foot and non-dominant foot (right panel) 
balancing by males (left panel) and females (right panel) in the Gymnastics group.  
 
  
Figure 86. Mediolateral velocity during dominant foot and non-dominant foot (right panel) 
balancing by males (left panel) and females (right panel) in the TPE group.  
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A/P Sway Velocity. In the dominant foot condition, males in the Gymnastics group 
and females in the TPE group made medium sized reductions to A/P sway velocity between 
phases one and two and between phases one and three (see Table 42 for details of t-tests 
performed comparing velocity between phases). In the non-dominant foot condition males 
and females in the Gymnastics group made medium sized reductions to non-dominant foot 
A/P sway velocity between phases one and two and between phases one and three (see Table 
43 for details of t-tests performed comparing velocity between phases).  
Females in the TPE group swayed faster in the A/P plane on the non-dominant foot at 
phases two and three (P2, t(936)= 1.78, p = .038, d = 0.73. P3, t(936) = 1.82, d = 0.74) (see 
Figure 90). 
 
Table 42  
Results of between-phase paired sample t-tests conducted on dominant foot A/P sway velocity  
Group Phase Gender df t-ratio p d 
Gymnastics 
P1 – P2 
Males 936 2.58 .015 0.38 
Females - - n/s  
P2 – P3 
Males - - n/s  
Females - - n/s  
P1 – P3 
Males 936 2.49 .019 0.37 
Females - - n/s  
TPE 
P1 – P2 
Males - - n/s  
Females 936 2.49 .02 0.41 
P2 – P3 
Males - - n/s  
Females - - n/s  
P1 – P3 
Males - - n/s  






Results of between-phase paired sample t-tests conducted on non- dominant foot A/P sway 
velocity  
Group Phase Gender df t-ratio p d 
Gymnastics 
P1 – P2 
Males 936 2.80 < .01 0.53 
Females 936 2.88 < .01 0.36 
P2 – P3 
Males - - n/s  
Females - - n/s  
P1 – P3 
Males 936 2.82 < .01 0.54 
Females 936 2.73 < .01 0.34 
TPE 
P1 – P2 
Males - - n/s  
Females - - n/s  
P2 – P3 
Males - - n/s  
Females - - n/s  
P1 – P3 
Males - - n/s  




Figure 87.Anterior-posterior velocity during non -dominant foot balancing by males (left 




Figure 88. Anterior-posterior velocity during dominant foot (left panel) and non-dominant 
foot (right panel) balancing by males and females in the Gymnastics group.  
 
  
Figure 89. Anterior-posterior velocity during dominant foot balancing by males and females 




Figure 90Anterior-posterior velocity during dominant foot and non-dominant foot balancing 




Appendix 6  
 
Table 44 
Within-group variability and 95% confidence intervals for dominant and non-dominant 
performance (i.e., % success) during unipedal balancing  
 
Foot Phase Group Standard Error Lower CI Upper CI 
Dominant 
Pre 
Gymnastics 4.6 52.3 70.8 
TPE 7.3 37.0 66.2 
Post 
Gymnastics 3.8 63.2 78.5 
TPE 6.0 58.5 82.6 
RTN 
Gymnastics 3.7 71.0 85.7 
TPE 5.6 55.4 78.0 
Non-dominant 
Pre 
Gymnastics 5.2 48.8 69.7 
TPE 7.2 34.6 63.3 
Post 
Gymnastics 4.0 63.2 79.1 
TPE 6.4 48.6 74.1 
RTN 
Gymnastics 3.7 67.7 82.6 
TPE 5.6 58.0 80.6 
 
 
Table 45  
Within-group variability (standard error of average touchdowns per group per phase) and 
95% confidence intervals for dominant and non-dominant within-trial variance (i.e., average 
number of touchdowns) during unipedal balancing 
 
Foot Phase Group Standard Error Lower CI Upper CI 
Dominant 
Pre 
Gymnastics 0.08 0.43 0.75 
TPE 0.16 0.35 0.99 
Post 
Gymnastics 0.07 0.28 0.58 
TPE 0.12 0.19 0.66 
RTN 
Gymnastics 0.08 0.15 0.47 
TPE 0.12 0.32 0.78 
Non-dominant 
Pre 
Gymnastics 0.09 0.42 0.77 
TPE 0.16 0.54 1.17 
Post 
Gymnastics 0.08 0.32 0.63 
TPE 0.12 0.40 0.90 
RTN 
Gymnastics 0.08 0.20 0.52 
TPE 0.12 0.15 0.62 
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Results of ANOVA performed on kick task performance (significant effects (p < .05) are 
highlighted in bold)  
 df F p 
Success 
Group 1,57 0.01 .91 
Phase 2,279 0.27 .76 
Gender 1,57 0.03 .86 
Foot Used 1,279 2.69 .10 
Phase:Group 2,279 0.29 .75 
Phase:Group:Foot Used 2,279 0.41 .67 




Figure 91. Percentage of successful kicks and 95% confidence intervals for males (right 
panel) and females (left panel) in the Gymnastics and TPE groups when kicking in the 
dominant foot condition.  
 
Females in the Gymnastics group made a medium sized, larger improvement to 
dominant foot kicking performance between phases two and three compared to the TPE 
315 
group females (t(279) = -1.92, p = .028, d = 0.72). These different improvements resulted in 
there being a medium sized difference between Gymnastics group females and TPE group 
females at phase three with the Gymnastics group females performing better (t(279) = 1.88, p 
= .036, d = 0.71) (see Figure 91).  
Figure 92 shows the dominant and non-dominant foot performance of the Gymnastics 
and TPE groups. A small effect of foot was found where the Gymnastics group were always 
more successful with their dominant foot compared to their non-dominant foot at phases one 
and three and a medium sized effect of foot was found at phase two (P1, t(279) = 1.97, p = 
.025, d = 0.44; P2, t(279) = 2.34, p = .010, d = 0.51; P3, t(279) = 1.91, p = .029, d = 0.43). A 
small and medium effect of foot was found in the TPE group at phases one and two, 
respectively (P1, t(279) = 1.70, p = .045, d = 0..57; P2, t(279) = 1.87, p = .031, d = 0.62). The 
TPE group made a different change to dominant foot performance compared to non-dominant 
foot performance between phases two and three (t(279) = 1.72, p = .043, d = 0.57). 
 
  
Figure 92. Percentage of successful kicks and 95% confidence intervals in the dominant or 
non-dominant foot conditions for the Gymnastics (left panel) and TPE (right panel) groups.  
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Kicking kinetics.  
APA period mediolateral COP sample entropy. Figure 93 and Figure 25 show M/L 
sample entropy during dominant and non-dominant foot kicking, respectively, by males and 
females in each group. Females in the Gymnastics group swayed more irregularly when 
preparing to kick at phase two compared to the TPE group females (t(1541) = 2.03, p = .024, 
d = 0.74). When looking at the influence of group and gender, males in the Gymnastics group 
reduced M/L sample entropy between phases one and three (t(1541) = 3.03, p < .01, d = 
0.32). The change made to dominant foot M/L sway entropy between phases one and two by 
males and females in the Gymnastics group was different (t(1541) = 2.07, p = .038, d = 0.64) 
(see Figure 94). In non-dominant foot trials the TPE group males reduced M/L sample 
entropy between phases two and three (t(1541) = 2.78, p < .01, d = 0.43) and this change was 
different compared to the males in the Gymnastics group (t(1515) = -2.00, p = .046, d = 
0.57), additionally, the changes made between phases one and three by males of each group 
were different with the TPE group males making a larger reduction to M/L sample entropy 
(t(1541) = -2.11, p = .035, d = 0.60). 
In the non-dominant condition, compared to females, males made larger reductions 
with a medium effect size to M/L sway entropy between phases one and two (t(1541) = 2.56, 
p = .011, d = 0.79).  
At phase two, there was a small effect size difference between feet as Gymnastics 
group swayed more regularly when kicking with the dominant foot (t(1541) = -1.69, p = 
.046, d = 0.37). Females in the TPE group swayed more irregularly on the dominant foot 
compared to the non-dominant foot at phase three (t(1541) = 1.76 p = .039, d = 0.72). 
Additionally, Gymnastics group males made different changes with a large effect size to 
dominant and non-dominant foot M/L sway entropy between phases one and two (t(1541) = 




Figure 93. Mediolateral sample entropy during the APA period of dominant foot kicking by 
males (left panel) and females (right panel) in the Gymnastics and TPE groups.  
 
  
Figure 94. Mediolateral sample entropy during the APA period of dominant (left panel) and 




Figure 95. Mediolateral sample entropy during the APA period of dominant and non-
dominant foot kicking by males (left panel) and females (right panel) in the Gymnastics 
group.  
 
Table 47  
Results of ANOVA performed on kick task anticipatory postural adjustment COP non-linear 
kinetic variables (significant effects (p < .05) are highlighted in bold)  
 df F p 
M/L sample entropy 
Group 1.57 2.54 .12 
Phase 2,1541 4.79 < .01 
Gender 1,57 2.01 .16 
Foot Used 1,1541 9.92 < .01 
Phase:Group 2,1541 1.01 .36 
Phase:Group:Foot Used 2,1541 2.17 .11 
Phase:Group:Gender:Foot Used 2,1541 1.87 .16 
A/P sample entropy 
Group 1.57 1.22 .27 
Phase 2,1541 3.16 .04 
Gender 1,57 0.48 .49 
Foot Used 1,1541 5.13 .02 
Phase:Group 2,1541 2.38 .09 
Phase:Group:Foot Used 2,1541 0.64 .53 




Table 48  
Results of ANOVA performed on kick task anticipatory postural adjustment COP linear 
kinetic variables (significant effects (p < .05) are highlighted in bold)  
95% ellipse area 
Group 1.57 1.63 .21 
Phase 2,1541 25.72 <.001 
Gender 1,57 0.47 .50 
Foot Used 1,1541 0.01 .92 
Phase:Group 2,1541 1.25 .29 
Phase:Group:Foot Used 2,1541 1.69 .18 
Phase:Group:Gender:Foot Used 2,1541 1.98 .14 
M/L velocity 
Group 1.57 13.72 <.001 
Phase 2,1541 34.89 <.001 
Gender 1,57 0.07 .80 
Foot Used 1,1541 0.07 .79 
Phase:Group 2,1541 6.20 <.01 
Phase:Group:Foot Used 2,1541 0.33 .72 
Phase:Group:Gender:Foot Used 2,1541 0.97 .38 
A/P velocity 
Group 1.57 0.29 .59 
Phase 2,1541 22.02 <.001 
Gender 1,57 0.42 .52 
Foot Used 1,1541 0.39 .53 
Phase:Group 2,1541 0.92 .40 
Phase:Group:Foot Used 2,1541 0.43 .65 





APA period anterior-posterior COP sample entropy. At phase one, the dominant foot 
A/P sway regularity during the APA period of kicking by males in the Gymnastics group was 
more irregular compared to the non-dominant foot (t(1541) = 2.25, p = .012, d = 0.69) (see 
Figure 98). The change the Gymnastics group males made to the A/P sway regularity was 
different between feet (t(1541) = 2.37, p = .018, d = 0.70). 
Gymnastics group males swayed more irregularly on the dominant foot compared to 
the non-dominant foot phases three (t(1541) =1.81, p = .035, d = 0.53) respectively. 
 
  
Figure 96. Anterior-posterior sample entropy during the APA period during dominant foot 




Figure 97. Anterior-posterior sample entropy during the APA period during non-dominant 




Figure 98. Anterior-posterior sample entropy during the APA period of dominant and non-





APA period 95% ellipse area. Figure 99 and Figure 100, respectively, show the 
dominant and non-dominant foot 95% ellipse area of males and females in each group. In the 
dominant foot condition, at phase two Gymnastic group males swayed over a larger area 
compared to the TPE group males (t(1541) = 1.90, p = .032, d = 0.87) and at phase three 
Gymnastics group females swayed over a larger area compared to the TPE group females 
(t(1541) = 1.77, p = .041, d = 0.68). Table 49 and Table 50 show details of paired sample t-
tests comparing between phases for the dominant and non-dominant foot APA period of 
kicking by males and females in each group. In both the dominant and non-dominant foot 
conditions, Gymnastics group females and males reduced sway area between phases one and 
two and between phases two and three, respectively, and both males and females reduced 
sway area between phases one and three. Only females in the TPE group made reductions to 
sway area in the dominant foot condition, these reductions were between phases two and 
three and between phases one and three. When preparing to kick with the non-dominant foot 
females reduced sway area between phases one and two and between phase one and three and 
males reduced sway area between phases two and three. 
Between phases one and two, the change made to dominant foot sway area by females 
in the Gymnastics group was different compared to their male peers (t(1541) = -2.30, p = 
.021, d = 0.71). 
Comparisons of sway area between feet for the Gymnastics and TPE groups can be 
seen in Figure 103 and Figure 104. Gymnastics group males swayed over a larger area when 
kicking with the non-dominant foot at phase three (t(1541) = -2.50, p < .01, d = 0.74). The 
change made by Gymnastics group males to dominant foot sway area between phases two 
and three was larger than that made to non-dominant foot sway area (t(1541) = 2.24, p = .025, 
d = 0.66). In the TPE group, females swayed over a larger area when kicking with the non-




Table 49  
Results of between-phase paired sample t-tests conducted on 95% ellipse area during the 
APA period of dominant foot kicking by males and females in each group 
Group Gender Phase df t-ratio P d 
Gymnastics 
Males 
P1 – P2 - - n/s  
P2 – P3 1541 6.33 < .001 0.59 
P1 – P3 1541 4.68 < .001 0.45 
Females 
P1 – P2 -1541 -2.97 < .01 0.55 
P2 – P3 - - n/s  
P1 – P3 1541 3.02 < .01 0.34 
TPE 
Males 
P1 – P2 - - n/s  
P2 – P3 - - n/s  
P1 – P3 - - n/s  
Females 
P1 – P2 - - n/s  
P2 – P3 1541 3.04 < .01 0.30 
P1 – P3 1541 2.54 .016 0.42 
  
 
Table 50  
Results of between-phase paired sample t-tests conducted on 95% ellipse area during the 
APA period of non-dominant foot kicking by males and females in each group 
Group Gender Phase df t-ratio P d 
Gymnastics 
Males 
P1 – P2 - - n/s  
P2 – P3 1541 3.14 < .01 0.29 
P1 – P3 1541 3.27 < .01 0.32 
Females 
P1 – P2 -1541 3.12 < .01 0.58 
P2 – P3 - - n/s  
P1 – P3 1541 2.43 < .01 0.27 
TPE 
Males 
P1 – P2 - - n/s  
P2 – P3 1541 3.15 < .01 0.50 
P1 – P3 - - n/s  
Females 
P1 – P2 1541 - .015 0.41 
P2 – P3 - - n/s  





Figure 99. 95% Ellipse area during the APA period of dominant foot kicking by the males 
(left panel) and females (right panel) in the Gymnastics and TPE groups.  
 
  
Figure 100. 95% Ellipse area during the APA period of non-dominant foot kicking by the 




Figure 101. 95% Ellipse area during the APA period of dominant foot (left panel) and non-
dominant foot (right panel) kicking by the males and females in the Gymnastics group.  
 
  
Figure 102. 95% Ellipse area during the APA period of dominant foot (left panel) and non-




Figure 103. 95% Ellipse area during the APA period of dominant foot and non-dominant foot 
kicking by the males (left panel) and females (right panel) in the Gymnastics group.  
 
  
Figure 104. 95% Ellipse area during the APA period of dominant foot and non-dominant foot 
kicking by the males (left panel) and females (right panel) in the TPE group.  
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APA period mediolateral COP sway velocity. Dominant foot sway velocity for males 
and females in each group are shown in Figure 105 and the results of the one-sided t-tests 
comparing sway velocity between phases are shown in Table 51. Non-dominant foot sway 
velocity for males and females in each group are shown in Figure 106 and the results of the 
one-sided t-tests comparing sway velocity between phases are shown in Table 52. Females in 
the Gymnastics group reduced dominant and non-dominant foot M/L sway velocity between 
each phase and males made reductions to M/L sway velocity between phases two and three 
and between phases one and three. In the TPE group, females reduced dominant foot M/L 
sway velocity between phases two and three and between phases one and three and reduced 
non-dominant foot M/L sway velocity between phases one and two and between phases one 
and three. TPE group males increased M/L sway velocity of both feet between phases one 
and two and reduced M/L sway velocity of both feet between phases two and three. 
When comparing between the dominant and non-dominant feet, the Gymnastics group 
males swayed faster on the non-dominant foot at phase three (Gymnastics males, t(1541) = -
2.45, p < .01, d = 0.75) (see Figure 107). Additionally, the Gymnastics group males made a 
greater reduction to dominant foot M/L sway velocity compared to the non-dominant 
between phases two and three (Gymnastics males, t(1541) = 2.33, p = .020, d = 0.69, see 
Figure 48). 
The changes made by Gymnastics group males and females to dominant foot sway 




Figure 105. Mediolateral sway velocity during the APA period of dominant foot kicking by 
males (left panel) females (right panel) in the Gymnastics and TPE groups.  
 
  
Figure 106. Mediolateral sway velocity during the APA period of non-dominant foot kicking 




Table 51  
Results of between-phase paired sample one-sided t-tests conducted on mediolateral sway 
velocity during the APA period of dominant foot kicking by males and females in each group 
Group Gender Phase df t-ratio p d 
Gymnastics 
Males 
P1 – P2 - - n/s  
P2 – P3 1541 6.81 < .001 0.64 
P1 – P3 1541 6.72 < .001 0.68 
Females 
P1 – P2 1541 2.93 <.01 0.37 
P2 – P3 1541 3.70 < .01 0.31 
P1 – P3 1541 5.39 < .001 0.60 
TPE 
Males 
P1 – P2 1541 -3.00 < .01 0.59 
P2 – P3 1541 4.62 < .001 0.82 
P1 – P3 - - n/s  
Females 
P1 – P2 -  n/s  
P2 – P3 1541 4.09 < .001 0.47 
P1 – P3 1541 4.71 < .001 0.78 
  
 
Table 52  
Results of between-phase paired sample one-sided t-tests conducted on mediolateral sway 
velocity during the APA period of non-dominant foot kicking by males and females in each 
group  
Group Gender Phase df t-ratio p d 
Gymnastics 
Males 
P1 – P2 - - n/s  
P2 – P3 1541 3.30 < .01 0.34 
P1 – P3 1541 4.31 < .001 0.52 
Females 
P1 – P2 1541 4.04 <.001 0.47 
P2 – P3 1541 2.19 .042 0.21 
P1 – P3 1541 5.53 < .001 0.58 
TPE 
Males 
P1 – P2 - - n/s  
P2 – P3 1541 3.32 < .01 0.68 
P1 – P3 - - n/s  
Females 
P1 – P2 1541 2.55 .016 0.42 
P2 – P3 - - n/s  





Figure 107. Mediolateral sway velocity during the APA period of dominant foot and non-




Figure 108. Mediolateral sway velocity during the APA period of dominant foot (left panel) 




APA period anterior-posterior COP sway velocity. In the dominant foot condition, 
males in both groups and TPE group females reduced A/P sway velocity between phases two 
and three and between phases one and three. However, females in the Gymnastics group 
reduced dominant foot A/P sway velocity between phases one and two and between phases 
one and three (details of paired sample t-tests are in Table 53).  
Gymnastics group females and TPE group females significantly reduced A/P sway 
velocity between phases one and two and between phases two and three, respectively, and 
females in both groups reduced A/P sway velocity between phases one and three (details of 
paired sample t-tests are in Table 54).   
 
Table 53  
Results of between-phase paired sample one-sided t-tests conducted on dominant foot 
anterior-posterior sway velocity during the APA period of kicking by males and females in 
each group 
Group Gender Phase df t-ratio p d 
Gymnastics 
Males 
P1 – P2 - - n/s - 
P2 – P3 1541 5.43 < .001 0.51 
P1 – P3 1541 4.80 < .001 0.39 
Females 
P1 – P2 1541 3.76 <.001 0.63 
P2 – P3 - - n/s - 
P1 – P3 1541 3.26 < .01 0.36 
TPE 
Males 
P1 – P2 - - n/s - 
P2 – P3 1541 2.70 .011 0.28 
P1 – P3 1541 2.15 .046 0.76 
Females 
P1 – P2 - - n/s - 
P2 – P3 1541 3.42 < .01 0.33 




Table 54  
Results of between-phase paired sample one-sided t-tests conducted on non-dominant 
anterior-posterior sway velocity during the APA period of foot kicking by males and females 
in each group 
Group Gender Phase df t-ratio p d 
Gymnastics 
Males 
P1 – P2 - - n/s - 
P2 – P3 1541 4.55 < .001 0.43 
P1 – P3 1541 3.26 < .01 0.27 
Females 
P1 – P2 1541 3.12 <.01 0.53 
P2 – P3 - - n/s - 
P1 – P3 1541 2.53 .017 0.28 
TPE 
Males 
P1 – P2 - - n/s - 
P2 – P3 1541 3.62 < .001 0.36 
P1 – P3 1541 2.52 .018 0.84 
Females 
P1 – P2 - - n/s - 
P2 – P3 1541 2.79 < .01 0.28 




Figure 109. Anterior-posterior sway velocity during the APA period of dominant foot (left 
panel) and non-dominant foot (right panel) kicking by the males and females in the 




IPA period mediolateral COP sample entropy. At phase two, females in the 
Gymnastics group swayed more irregularly compared to the TPE group females, respectively 
(t(57) = 1.90, p = .031, d = 0.70). 
Males and females in both groups tended to reduce dominant and non-dominant foot 
M/L sample entropy across the duration of the study, however, in the dominant foot condition 
the only differences were made by the Gymnastics group males between phases two and three 
(t(1541) = 5.48, p < .001, d = 0.50) and between phases one and three (t(1541) = 5.40, p < 
.001, d = 0.56). Details of t-tests comparing non-dominant foot M/L sample entropy between 
phases are shown in Table 55. Gymnastics group males reduced M/L sample entropy between 
each phase. 
Compared to females, Gymnastics group males swayed more regularly when kicking 
with the dominant foot at phase three (t(1541) = -2.08, p = .042, d = 0.68) (see Figure 110.). 
 
Table 55 
Results of between-phase paired sample one-sided t-tests conducted on mediolateral sway 
sample entropy during the IPA period of non-dominant foot kicking by males and females in 
each group 
Group Foot Phase df t-ratio p d 
Gymnastics 
Males 
P1 – P2 1541 2.88 .011 0.17 
P2 – P3 1541 5.92 < .001 0.50 
P1 – P3 1541 6.94 < .001 0.56 
Females 
P1 – P2 - - n/s  
P2 – P3 1541 2.92 .01 0.25 
P1 – P3 - - n/s  
TPE 
Males 
P1 – P2 - - n/s  
P2 – P3 - - n/s  
P1 – P3 - - n/s  
Females 
P1 – P2 - - n/s  
P2 – P3 - - n/s  





Figure 110. Mediolateral sample entropy of males and females during the IPA period of 
dominant (left panel) and non-dominant (right panel) foot kicking by the Gymnastics group.  
 
  
Figure 111 Mediolateral sample entropy during the IPA period of dominant foot and non-
dominant foot kicking by the Gymnastics group (left panel) and TPE group (right panel).  
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Table 56  
Results of ANOVA performed on kick task integrative postural adjustment COP non-linear 
kinetic variables (significant effects (p < .05) are highlighted in bold)  
 df F p 
M/L sample entropy 
Group 1.57 0.64 .43 
Phase 2,1541 23.91 <.001 
Gender 1,57 1.49 .23 
Foot Used 1,1541 2.41 .12 
Phase:Group 2,1541 1.10 .33 
Phase:Group:Foot Used 2,1541 1.87 .16 
Phase:Group:Gender:Foot Used 2,1541 2.03 .13 
A/P sample entropy 
Group 1.57 3.50 .07 
Phase 2,1541 1.64 .19 
Gender 1,57 0.02 .88 
Foot Used 1,1541 0.12 .72 
Phase:Group 2,1541 11.12 <.001 
Phase:Group:Foot Used 2,1541 2.47 .09 




Figure 112. Mediolateral sample entropy during the IPA period of dominant foot and non-
dominant foot kicking by the males (left panel) and females (right panel) in the TPE group. 
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Table 57  
Results of ANOVA performed on kick task integrative postural adjustment COP linear kinetic 
variables (significant effects (p < .05) are highlighted in bold)  
95% Ellipse area 
Group 1.57 .84 .36 
Phase 2,1541 1.03 .36 
Gender 1,57 0.36 .55 
Foot Used 1,1541 0.36 .53 
Phase:Group 2,1541 2.46 .09 
Phase:Group:Foot Used 2,1541 1.82 .16 
Phase:Group:Gender:Foot Used 2,1541 1.76 .17 
M/L velocity 
Group 1.57 0.45 .51 
Phase 2,1541 0.52 .60 
Gender 1,57 0.66 .42 
Foot Used 1,1541 0.07 .79 
Phase:Group 2,1541 1.81 .16 
Phase:Group:Foot Used 2,1541 4.43 .01 
Phase:Group:Gender:Foot Used 2,1541 4.93 <.01 
A/P velocity 
Group 1.57 3,31 .07 
Phase 2,1541 28.74 <.001 
Gender 1,57 1.58 .21 
Foot Used 1,1541 0.29 .59 
Phase:Group 2,1541 6.57 <.01 
Phase:Group:Foot Used 2,1541 1.83 .16 





IPA period anterior-posterior COP sample entropy. Females in the TPE group 
increased A/P sway regularity between phases one and two when kicking with the non-
dominant foot, respectively (t(1541) = 2.40, p = .024, d = 0.33). Between phases two and 
three both males and females in the TPE group decreased sway regularity when kicking with 
the dominant foot (Males, t(1541) = -2.14, p = .048, d = 0.38. Females, t(1541) = -3.43, p < 
.001, d = 0.45). Gymnastics group females decreased A/P sway regularity between phases 
one and three when kicking with the non-dominant foot (t(1541) -2.63, p = .013, d = 0.29). 
When comparing A/P sway regularity between feet, at phases one and three, medium 
sized differences between feet were found in the Gymnastics group with the dominant foot 
sway being more irregular compared to the non-dominant foot (P1, t(1541) = 1.97, p = .025, 
d = 0.44. P3, t(1541) = 1.78, p = .038, d = 0.40). In the TPE group, a medium sized 
difference between feet was found at phase one as dominant foot sway was more regular 
compared to the non-dominant foot (t(1541) = 2.23, p .013, d = 0.75). 
TPE group females swayed more irregularly on the dominant foot at phases two 




IPA period 95% ellipse area. In the dominant foot condition, males in the TPE group 
made reductions to sway area between phases one and two (t(1541) = 2.52, p = .018, d = 
0.49) and females reduced sway area between phase two and three (t(1541) = 2.13, p = .049, 
d = 0.27). Between phases one and three males and females in the TPE group reduced 
dominant foot sway area (Males, t(1541) = 3.82, p < .001, d = 0.73. Females, t(1541) = 2.54, 
p = .017, d = 0.34). 
The reduction to dominant foot sway area between phases two and three by TPE 
females was larger than the reduction made by Gymnastics group females (t(1541) = -1.68, p 
= .047, d = 0.64). In the non-dominant foot condition TPE group males reduced sway area 
between phases two and three (t(1541) = 2.51, p = .018, d = 0.43) and females reduced sway 
area between phases one and three (t(1541) = 3.22, p < .01, d = 0.26). 
Compared to the non-dominant foot Gymnastics females swayed over a larger area 
when kicking with the dominant foot at phase two (t(1541) = 2.02, p = .022, d = 0.66) and 
Gymnastics males swayed over a larger area when kicking with the dominant foot at phase 
three (t(1541) = 1.80, p = .036, d = 0.53). 
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IPA period mediolateral COP sway velocity. Males in the Gymnastics group swayed 
faster than the TPE group males on the dominant foot at phases two (t(1541) = 1.72, p = .045, 
d = 0.79) (see Figure 43). 
TPE group males made reductions to dominant foot M/L sway velocity between 
phases one and three (t(1541) = 3.48, p < .001, d = 0.27) and to non-dominant foot between 
phases two and three (t(1541) = 3.33, p < .01, d = 0.57). Females in the Gymnastics group 
reduced M/L sway velocity between phases one and two when kicking with both the 
dominant or non-dominant foot (Dominant foot, t(1541) = 2.37, p = .027, d = 0.21. Non-
dominant foot, t(1541) = 3.82, p < .01, d = 0.29) but increased sway velocity when kicking 
with either foot between phases two and three (Dominant foot, t(1541) = -2.98, p < .01, d = 
0.21. Non-dominant foot, t(1541) = -3.20, p < .01, d = 0.22). TPE group females reduced 
non-dominant foot sway velocity between phase one and two (t(1541) = 2.77, p < .01, d = 
0.56). The changes Gymnastics group males made to dominant foot sway between phases one 
and three were larger than those made by the TPE group males (t(1541) = -1.66, p < .049, d = 
0.76). 
Gymnastics group males and females made different changes to M/L dominant foot 
sway velocity between phases two and three with females making a larger increase to sway 
velocity (t(1541) = 1.70, p = .045, d = 0.55). At phase two TPE group males swayed faster 
than females in the M/L direction in the non-dominant foot condition (t(57) = 1.89, p = .032, 





Figure 113. Mediolateral sway velocity during the IPA period of dominant foot (left panel) 




Figure 114. Mediolateral sway velocity during the IPA period of dominant foot (left panel) 




IPA period anterior-posterior COP sway velocity. In the dominant foot condition 
Gymnastics group males and TPE group females reduced A/P sway velocity of both feet 
between phase two and three and between phases one and three. When kicking with the 
dominant foot, Gymnastics and TPE group females reduced A/P sway velocity between 
phases one and two and between phases two and three, respectively, and both group’s 
females reduced sway between phases one and three. When kicking with the non-dominant 
foot Gymnastics group males and TPE group females reduced sway velocity between each 
phase. TPE group males reduced A/P sway velocity between phase one and two. 
Gymnastics group males and females made different changes to dominant foot sway 
velocity between phases one and two (t(1541) = -2.30, p = .011, d = 0.71).Gymnastics group 
males and females also made different changes to non-dominant foot sway velocity between 
phase two and three (t(57) = 2.14, p = .033, d = 0.70). 
In the Gymnastics group, at phase two males swayed faster on the dominant foot 
compared to the non-dominant foot (t(1541) = 1.92, p =.028, d = 0.57). The reductions to 
dominant foot A/P sway velocity made by Gymnastics group males and females between 
phases two and three and between phases one and three, respectively, were larger compared 
to the non-dominant foot sway velocity reductions (Males, ΔP2 P3, t(1541) = 2.11, p = 
.018, d = 0.62. Females, ΔP2 P3, t(1541) = 2.18, p = .015, d = 0.77). In the TPE group, 
females swayed faster on the dominant foot compared to the non-dominant foot at phase three 
(t(1541) = 1.18, p = .036, d = 0.74). TPE group females made a larger reduction to non-
dominant foot A/P sway velocity compared to the dominant foot (t(1541) = 1.70, p = .045, d 




Figure 115. Anterior-posterior sway velocity during the IPA period of dominant foot and 
non-dominant foot kicking by the males (left panel) and females (right panel) in the 
Gymnastics group.  
 
  
Figure 116. Anterior-posterior sway velocity during the IPA period of dominant foot and 






Results of between-phase paired sample t-tests conducted on anterior-posterior sway velocity 
of males and females in the Gymnastics and TPE groups during the IPA period of dominant 
foot kicking  
Group Gender Phase df t-ratio p d 
Gymnastics 
Males 
P1 – P2 - - n/s  
P2 – P3 1541 5.69 < .001 0.50 
P1 – P3 1541 6.07 < .001 0.62 
Females 
P1 – P2 1541 4.32 < .001 0.46 
P2 – P3 - - n/s  
P1 – P3 1541 4.59 < .001 0.98 
TPE 
Males 
P1 – P2 - - n/s  
P2 – P3 1541 8.08 < .001 1.30 
P1 – P3 1541 6.09 < .001 0.96 
Females 
P1 – P2 - - n/s  
P2 – P3 1541 3.76 < .01 0.44 
P1 – P3 1541 3.39 < .01 0.44 
Note: all changes between phases were reductions to sway velocity.  
 
Table 59 
Results of between-phase paired sample t-tests conducted on anterior-posterior sway velocity 
of males and females in the Gymnastics and TPE groups during the IPA period of non-
dominant foot kicking 
Group Gender Phase df t-ratio p d 
Gymnastics 
Males 
P1 – P2 1541 2.89 <.01 0.29 
P2 – P3 1541 2.60 .014 0.24 
P1 – P3 1541 4.74 < .001 0.50 
Females 
P1 – P2 - - n/s  
P2 – P3 - - n/s  
P1 – P3 - - n/s  
TPE 
Males 
P1 – P2 1541 -3.91 <.01 0.70 
P2 – P3 1541 5.85 < .001 0.95 
P1 – P3 - - n/s  
Females 
P1 – P2 1541 2.82 < .01 0.39 
P2 – P3 1541 3.21 < .01 0.42 
P1 – P3 1541 4.30- < .001 0.76 
Note: all changes between phases were reductions to sway velocity. 
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Appendix 8  
 
Table 60  
Results of ANOVA performed on total perceived physical competence and perceived object 
control competence (significant effects (p < .05) are highlighted in bold) 
 df F p 
Total Perceived Physical Competence 
Group 1,57 3.71 .06 
Phase 2,111 1.15 .32 
Gender 1,57 11.72 <.01 
Phase:Group 2,111 4.73 .01 
Phase:Group:Gender 2,111 2.78 .07 
Perceived Object Control Competence 
Group 1,57 2.69 .11 
Phase 2,111 0.80 .45 
Gender 1,57 16.92 <.001 
Phase:Group 2,111 3.20 .04 
Phase:Group:Gender 2,111 1.74 .18 
  
 
The improvement to POCC made by the TPE group between phases one and three 
was significantly larger to that made by the Gymnastics group (t(111) = 1.98, p = .029, d = 
0.56). 
Females in the Gymnastics group made a small, significant improvement to TPPC 
between phases one and three (t(111) = -2.43, p = .025, d = 0.27). Females in both groups 
improved their POCC between phases one and three (Gymnastics group, t(111) = -2.38, p = 
.041, d = 0.78. TPE group, t(111) = -2.15, p < .05, d = 0.59). 
Males in the Gymnastics group had significantly higher POCC compared to their 
female group members at phases two and three (P2, t(57) = 2.07, p = .021, d = 0.64. P3, t(57) 
= 1.85, p = .034, d = 0.59). The improvements to POCC made by the Gymnastics group 
females between phases one and two and between phases one and three was significantly 
larger compared to their male group mates (ΔP1P2, t(111) = 2.06, p = .021, d = 0.63. 
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ΔP1P3, t(111) = 2.32, p = .014, d = 0.74). 
At phase three the Gymnastics group had a weak positive correlation between TPPC 
and average kicking success. The Gymnastics group had a weak significant positive 
correlation between POCC and dominant foot kicking success at phase two. 
At phases two and three, males in the Gymnastics group had a weak positive 
correlation between TPPC and average kick success. Weak positive correlations were found 
between POCC and average kicking success and dominant foot kicking success at phase two 
for the Gymnastics group males. 
At phase three, weak positive correlations were found between POCC and average 
kicking success and non-dominant foot kicking success in the Gymnastics group. At phase 
two the TPE group had a weak significant negative correlation between POCC and average 
balancing success. 
The Gymnastics group males had a weak significant positive correlation between 
TPPC and balancing success at phase one. At phase three, Gymnastics group males had weak 
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confidence  of  children  that  may  arise  from  participating  in  a  school  based  fundamental 
movement  skills  training  intervention.  The  purpose  is  to  determine  what  differences  in 
motor control mechanisms exist between children who complete the intervention and those 
who  do  not.  The  study  will  consist  of  an  intervention  of  fundamental  movement  skills 
training  that  will  be  put  into  place  within  a  local  primary  school.  A  control  group  will 
participate  in  their  normal  school  based  physical  education  programme.  The  physical 
education classes of both groups will be video recorded to quantify the time spent practicing 


















control, depending on which  school  they are enrolled  in. Prior  to any data being collected 
the parents or  caregivers  and  the  children will  fill  out  the appropriate  consent  forms. Any 
questions that parents, caregivers or children have will be answered fully. 
 
Before  any  data  is  collected  the  participants  will  be  familiarised  with  the  laboratory 
environment,  shown demonstrations and will be allowed practice  time  for each  task  to be 
performed.  Each  group  will  be  assessed  on  their  movement  competence  under  four 
conditions, 1) whilst balancing on one leg, 2) when initiating walking and running, 3) kicking a 
soccer  ball,  and  4)  throwing  a  tennis  ball.  For  all  tasks,  the  participants  will  be  asked  to 
complete  the  tasks  while  standing  on  a  force  platform  that will measure  ground  reaction 
forces, centre of  foot pressure and moments  in anterior‐posterior  (AP), medio‐lateral  (ML) 
and vertical (V) directions.  
 
There will be one balancing  task  in which children will be asked  to balance quietly on one 
foot.  This  task  will  be  completed  with  participants  balancing  on  both  left  and  right  feet, 




standing  quietly  on  a  force  platform;  for  the  first  part  of  each  condition  they  will  start 
walking or running from standing under their own initiation; in the second part of the task, 
they will  start  walking  or  running  from  standing  after  an  unanticipated  auditory  stimulus.  
For the kicking and throwing tasks participants will be asked to kick a soccer ball, or throw a 





force  plate.  Data  collected  will  be  vertical, medio‐lateral  and  anterio‐posterior  forces  and 
moments, centre of foot pressure (COP) and centre of gravity (COG) trajectories. From this 
data,  surface  area  of  COP  and  COG  velocity will  be  determined,  as will  measurements  of 





All  physical  tasks will  be  video  recorded  for  the purposes  of  key  event  identification  (e.g., 
heel lift, or ball strike). Only video of the lower limbs will be taken. 
 








educational  gymnastics  framework.  Activities  will  be  progressively  introduced  to 
participants, such that  the more simple tasks will be practiced before more complex tasks. 
The  activities  will  be  focussed  on  developing  the  fundamental  movement  skills  of  the 
children;  therefore,  locomotor  skills,  balance  skills  and  object  manipulation  skills  will  be 
practiced.  An  example  lesson  plan  is  in  Appendix  Two.  The  intervention will  be  led  by  an 











All  lessons  completed  by  intervention  and  control  groups  for  the  proposed  study  will  be 
video  recorded  for  the  purposes  of  quantifying  the  amount  of  time  spent  engaged  in 
practicing each type of fundamental movement skill. No identifying  information of children 





The  research  to  be  conducted  is  non‐invasive  and  non‐medical;  therefore  no  harm  or 
discomfort should be experienced by the participants.  
 
The  name,  age  and  handedness  will  be  collected  from  each  participant.  The  purpose  for 
collecting  this  information  is  to  allow  the  researchers  to  place  the  participants  into  the 
appropriate  groups,  and  to  allow  for  appropriate  analysis  of  data  collected.  Only  the 









Only  the  researchers  will  have  access  to  the  personal  information  and  data  collected;  all 
information and data will be kept in secure storage within the school of Physical Education. 





































The  aim  of  the  study  is  to  further  understand  whether  a  school  based  intervention  of 






















Should you agree to  let your child take part  in this project,  they will be asked to complete 




data  collection  will  be  completed  as  follows;  Task  one  involves  balancing,  tasks  two  and 
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three  involve  walking  and  running,  and  task  four  will  involve  kicking  and  throwing.  The 
balancing  task  involves  standing  still  on  one  leg.  The  walking  and  running  tasks  involve 
standing still and then starting to walk or run. In the kicking task the children will be asked 
to stand still and kick a soccer ball at a target.  It is anticipated that the written task will take 










Please  be  aware  that  your  child  may  decide  not  to  take  part  in  the  project  without  any 






they  are.    When  collecting  raw  data  during  activities  completed  by  the  participants,  all  data 
collected  will  be  collated  underneath  the  code  number  of  the  participant.  Raw  data  to  be 
collected will be the forces exerted on the ground when balancing, walking, running kicking and 
throwing, and results of the written questionnaire. The physical activities will be video‐taped to 






Only  the  researcher and  technicians  involved  in  the data collection process will have access  to 
the  raw  data.  Only  the  researchers  will  have  access  to  the  personal  information  of  the 
participants.  Interested external parties who provide  funding will  have access  to  the  results of 

















The  results  of  the  project  may  be  published  and  will  be  available  in  the  University  of  Otago 


















If  you  have  any  questions  about  our  project,  either  now  or  in  the  future,  please  feel  free  to  contact 
either:‐ 
 
Neil Anderson          or  Associate Professor Chris Button 
School of Physical Education        School of Physical Education 
University Telephone Number: ‐ 479 8992    University Telephone Number:‐ 479 9122 














CONSENT FORM FOR PARENTS / CAREGIVERS OF PARTICIPANTS 
I have read the Information Sheet concerning this project and understand what it  is about. 





2. I  am  free  to  withdraw  my  child  from  the  project  at  any  time  without  any 
disadvantage; 
3. Video  footage of  the movement education classes will be  taken.   During movement 
skill testing video footage of the lower body be taken will be taken; 
4. Personal identifying information [video‐tapes, and consent forms] will be destroyed at 
the  conclusion  of  the  project  but  any  raw  data  on which  the  results  of  the  project 
depend will be retained in secure storage for at least five years; 
5. The  proposed  project  includes  a  course  of movement  education.  All  possible  steps 
have been taken to ensure the safe delivery of the lessons, including risk identification 









                           
  (Signature of parent / caregiver)           (Date) 
 
                 
(Parent / Caregivers name – please print) 
 
Contact phone number:        Child’s date of birth:       
 
Email:              Child’s preferred hand/foot:     
 






MOVEMENT COMPETENCE AND CONFIDENCE OF YOUNG CHILDREN BEFORE 
AND AFTER A FUNDAMENTAL MOVEMENT SKILLS INTERVENTION 
  
CONSENT FORM FOR CHILD PARTICIPANTS 
I have been told about this study and understand what it is about. All my 
questions have been answered in a way that makes sense. 
 
I know that: 
1. Participation in this study is voluntary, which means that I do not have 
to take part if I don’t want to and nothing will happen to me. I can also 
stop taking part at any time and don’t have to give a reason; 
2. Anytime I want to stop, that’s okay. 
3. If I don’t want to do some of the tasks, that’s fine. 
4. If I have any worries or if I have any other questions, then I can talk 
about these with Neil. 
5. Neil will video my legs whilst I perform some fun activities when at the 
university. Neil will also film my physical education class at school. 
6. The paper and computer and video files with my answers will only be 
seen by Neil and the people he is working with. They will keep whatever 
I say private. 
7. Neil will write up the results from this study for his University work. 
The results may also be written up in journals and talked about at 
conferences. My name will not be on anything Neil writes up about this 
study. 
 
I agree to take part in the study. 
 
.............................................................................  ............................... 
       Signed       Date 
“This project has been reviewed and approved by the University of Otago 
Human Ethics Committee 
